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ROGER  ADAMS 


(1889-1971) 


We  take  this  occasion  to  note  with  regret  the  death  of  Dr. 
Roger  Adams,  who  contributed  so  much  to  chemistry  and  the 
chemical  profession  in  his  lifetime.  Dr.  Adams  was  a  major  in¬ 
fluence  in  the  founding  of  Organic  Syntheses,  Inc.,  and  his 
interest  in  the  organization  remained  intense  to  the  end.  His 
able  counsel  will  be  missed  by  all  of  us. 


The  Active  Board 
The  Advisory  Board 
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NOMENCLATURE 


Preparations  appear  in  the  alphabetical  order  of  common 
names  of  the  compounds.  For  convenience  in  surveying  the 
literature  concerning  any  preparation  through  Chemical 
Abstracts  subject  indexes,  the  Chemical  Abstracts  indexing 
name  for  each  compound  is  given  as  a  subtitle  if  it  differs  from 
the  common  name  used  as  the  title. 


SUBMISSION  OF  PREPARATIONS 

Chemists  are  invited  to  submit  for  publication  in  Organic 
Syntheses  procedures  for  the  preparation  of  compounds  that 
are  of  general  interest,  as  well  as  procedures  that  illustrate 
synthetic  methods  of  general  utility.  It  is  fundamental  to  the 
usefulness  of  Organic  Syntheses  that  submitted  procedures 
represent  optimum  conditions,  and  the  procedures  should  have 
been  checked  carefully  by  the  submitters,  not  only  for  yield 
and  physical  properties  of  the  products,  but  also  for  any 
hazards  that  may  be  involved.  Full  details  of  all  manipulations 
should  be  described,  and  the  range  of  yield  should  be  reported 
rather  than  the  maximum  yield  obtainable  by  an  operator 
who  has  had  considerable  experience  with  the  preparation. 
For  each  solid  product  the  melting-point  range  should  be 
reported,  and  for  each  liquid  product  the  range  of  boiling  point 
and  refractive  index  should  be  included.  In  most  instances,  it 
is  desirable  to  include  additional  physical  properties  of  the 
product,  such  as  ultraviolet,  infrared,  mass,  or  nuclear  magnetic 
resonance  spectra,  and  criteria  of  purity  such  as  gas  chromato¬ 
graphic  data.  In  the  event  that  any  of  the  reactants  are  not 
readily  commercially  available  at  reasonable  cost,  their  prepar¬ 
ation  should  be  described  in  as  complete  detail  and  in  the  same 
manner  as  the  preparation  of  the  product  of  major  interest. 
The  sources  of  the  reactants  should  be  described  in  notes,  and 
the  physical  properties  (such  as  boiling  point,  index  of  refrac- 
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tion,  melting  point)  of  the  reactants  should  be  included  except 
where  standard  commercial  grades  are  specified. 

Beginning  with  Volume  49,  Sec.  3.,  Methods  of  Preparation, 
and  Sec.  4.,  Merits  of  the  Preparation,  have  been  combined 
into  a  single  new  Sec.  3.,  Discussion.  In  this  section  shoidd  be 
described  other  practical  methods  for  accomplishing  the 
purpose  of  the  procedure  that  have  appeared  in  the  literature. 
It  is  unnecessary  to  mention  methods  that  have  been  published 
but  are  of  no  practical  synthetic  value.  Those  features  of  the 
procedure  that  recommend  it  for  publication  in  Organic  Syn¬ 
theses  should  be  cited  (synthetic  method  of  considerable  scope, 
specific  compound  of  interest  not  likely  to  be  made  available 
commercially,  method  that  gives  better  yield  or  is  less  labori¬ 
ous  than  other  methods,  etc.).  If  possible,  a  brief  discussion  of 
the  scope  and  limitations  of  the  procedure  as  applied  to  other 
examples  as  well  as  a  comparison  of  the  method  with  the 
other  methods  cited  should  be  included.  If  necessary  to  the 
understanding  or  use  of  the  method  for  related  syntheses,  a 
brief  discussion  of  the  mechanism  may  be  placed  in  this  section. 
The  present  emphasis  of  Organic  Syntheses  is  on  model  proce¬ 
dures  rather  than  on  specific  compounds  (although  the  latter 
are  still  welcomed),  and  the  Discussion  section  should  be 
written  to  help  the  reader  decide  whether  and  how  to  use  the 
procedure  in  his  own  research.  Three  copies  of  each  procedure 
should  be  submitted  to  the  Secretary  of  the  Editorial  Board. 
It  is  sometimes  helpful  to  the  Board  if  there  is  an  accompanying 
letter  setting  forth  the  features  of  the  preparations  that  are  of 
interest. 

Additions,  corrections,  and  improvements  to  the  preparations 
previously  published  are  welcomed  and  should  be  directed  to 
the  Secretary. 


PREFACE 


Despite  the  proliferation  of  the  chemical  literature,  the 
need  continues  for  well-described  and  checked  procedures  for 
conducting  synthetic  reactions.  Recent  volumes  of  Organic 
Syntheses  have  stressed  model  procedures  that  illustrate 
important  types  of  reactions  having  generic  character.  Thus  a 
number  of  the  procedures  included  here  have  major  significance 
in  the  method,  rather  than  the  product,  of  the  synthesis. 
However,  as  in  previous  volumes,  procedures  for  the  synthesis 
of  specific  reagents  of  special  interest  are  also  included. 

The  current  volume  emphasizes  the  preparation  of  aldehydes, 
a  reactive  class  of  compounds  that  serve  as  intermediates  for  a 
variety  of  derivatives.  The  methods  presented  are  quite  general, 
and  many  have  only  recently  been  described  in  full  detail.  The 
procedures  include  methods  for  obtaining  aldehydes  from  acid 
chlorides,  allyl  alcohols,  aromatic  nitriles,  and  terminal 
olefins.  Also  included  are  reactions  of  organometallic  reagents 
with  an  isonitrile  and  with  two  heterocyclic  systems  that 
furnish  the  aldehyde  function. 

Three  of  the  aldehyde  procedures  involve  the  reactions  of 
organometallic  reagents.  In  two  of  these,  heterocyclic  nuclei 
that  provide  the  aldehyde  function  are  alkylated.  Thus  n- 
pentadecanal  is  prepared  by  a  sequence  starting  with  the 
alkylation  of  the  anion  of  sym- trithiane  with  the  appropriate 
alkyl  halide,  and  1-phenylcyclopentanecarboxaldehyde 
is  obtained  from  the  product  resulting  from  alkylation  of  2- 
benzyl-4, 4, 6-trimethyl-5, 6-dihydro- l,3(4//)-oxazine.  The  reac¬ 
tion  of  an  alkyllithium  reagent  with  1,1,3,3-tetramethylbutyl 
isonitrile,  followed  by  quenching  with  deuterium  oxide,  is 
illustrated  by  the  synthesis  of  l-d-2-METHYLBUTANAL.  Two 
methods  for  the  conversion  of  an  acid  chloride  to  an  aldehyde 
are  given:  3,4,5-trimethoxybenzaldehyde  by  a  modified 
Rosenmund  reduction,  which  involves  hydrogenation  at  modest 
pressure,  and  cyclobutanecarboxaldehyde,  in  which  an 
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ester-mesylate  is  reduced  by  sodium  borohydride  to  yield  an 
acetal  that  is  not  subject  to  further  reduction  and  can  be 
hydrolyzed  to  an  aldehyde.  The  conversion  of  aromatic 
nitriles  to  aldehydes  by  reduction  with  Raney  nickel  alloy  in 
the  presence  of  formic  acid  is  illustrated  by  p-formylbenzene- 
sulfonamide.  The  preparation  of  aldehydes  from  allylic  alco¬ 
hols  by  action  of  phenylpalladium  acetate  is  shown  by  a 
method  for  the  synthesis  of  2-methyl-3-phenylpropion- 
aldehyde.  Finally,  the  preparation  of  aldehydes  by  the 
oxidation  of  terminal  olefins  with  chromyl  chloride  is  exem¬ 
plified  by  2,4,4-trimethylpentanal. 

A  useful  procedure  for  dehydroxylation  of  phenols  through 
hydrogenolysis  of  phenolic  ethers  is  illustrated  by  the  synthesis 
of  biphenyl,  and  iodination  of  polysubstituted  benzenes  by 
the  synthesis  of  iododurene.  The  phenylation  of  ketones  with 
diphenylioclonium  chloride  is  exemplified  by  the  synthesis  of 
1  -phenyl-2, 4-pentanedione  and  the  esterification  of  hindered 
alcohols  by  reaction  of  lithium  alkoxides  with  acid  chlorides  by 
Tbutyl  ^-toluate.  A  more  convenient  procedure  than  that 
conventionally  used  for  the  hydrogenation  of  aromatic  nuclei 
is  given  in  the  preparation  of  1-decalol,  and  the  conversion 
of  phenols  to  thiophenols  through  intermediate  thermal 
rearrangement  of  dialkyl  thiocarbamates,  followed  by  hydroly¬ 
sis,  is  described  in  2-naphthalenethiol.  A  modified  Meerwein 
reaction  that  is  conducted  under  conditions  that  avoid  dehy- 
drohalogenation  of  the  intermediate  is  described  in  the  prepara¬ 
tion  p-ACETYL-a-BROMOHYDROCiNNAMic  acid.  A  general  syn¬ 
thesis  of  amines  through  intermediate  azide  formation  from 
mixed  carboxylic-carbonic  anhydrides  is  illustrated  by  the 
preparation  of  1-phenylcyclopentylamine,  and  the  syn¬ 
thesis  of  olefinic  systems  from  tosylhydrazones  is  illustrated  by 
the  synthesis  of  2-bornene.  The  preparation  of  aziridines 
from  olefins  via  iodine  isocyanate  is  shown  sequentially  in  the 
conversion  of  1,2-dihydronaphthalene  to  methyl  (trans- 2- 
iodo-1-tetralin)carbamate  and  then  to  1,2,3,4-tetra- 
hydronaphthalene(1,2)imine.  An  illustration  of  the  prepara¬ 
tion  of  3-substituted  /3-diketones  by  acylation  of  the  inter¬ 
mediate  enol  acetate  is  furnished  by  3-w-butyl-2, 4-pentane- 
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dione.  The  preparation  of  ethyl  pyrrole-2-carboxylate 
provides  a  general  method  for  obtaining  esters  from  pyrrole 
without  the  use  of  organometallic  reagents.  An  intramolecular 
Wurtz  reaction  is  illustrated  by  the  synthesis  of  bicyclo[1.1.0]- 
butane  from  1-bromo-3-chlorocyclobutane  which  isobtained 
from  3-chlorocyclobutanecarboxylic  acid  by  means  of  a 
modified  Hunsdiecker  reaction.  Two  syntheses  of  alkyl  iodides 
which  lead  to  improved  yields  from  sterically  hindered  or  heat- 
sensitive  alcohols  are  given.  The  synthesis  of  cyclic  ketones 
by  action  of  dihaloalkanes  on  lithio-l,3-dithiane  is  represented 
by  cyclobutanone.  The  conversion  of  a  cyclic  hydroxymethyl- 
ene  ketone  to  the  cliazoketone  is  illustrated  by  2-diazocyclo- 

HEXANONE. 

The  synthesis  of  specific  compounds  which  are  of  general 
interest  includes  trans- 3-penten-2-one,  useful  for  annelation 
of  cyclic  ketones;  6-methoxy-jS-tetralone,  an  intermediate 
to  natural  products;  4-phenyl-  1, 2, 4-triazoline-3,5-dione,  an 
extremely  reactive  dienophile  and  dehydrogenation  agent 
under  mild  conditions;  the  reactive  carbonyl  cyanide;  and 
the  highly  strained  quadricyclane.  Improved  syntheses  of 
bicyclo[3.2. 1]octan-3-one,  1  ,2,3,4-tetrahydro-/3-carboline, 
and  the  reactive  alkylating  agent  trimethyloxonium  tetra- 
fluoroborate  are  presented. 

The  Board  of  Editors  takes  this  opportunity  to  thank  the 
contributors  of  preparations.  The  Editor-in-Chief  particularly 
thanks  those  who  submitted  the  aldehyde  procedures  so 
promptly  when  invited.  The  Board  of  Editors  welcomes  sug¬ 
gestions  of  changes  that  will  improve  the  usefulness  of  Organic 
Syntheses.  The  attention  of  submitters  of  preparations  is 
particularly  drawn  to  the  instructions  on  pages  vii  and  viii 
which  reflect  changes  introduced  in  Volume  49.  As  begun 
with  Volume  50,  Organic  Syntheses  will  contain  an  insert  listing 
preparations  which  have  been  received  during  the  preceding 
year.  These  are  available  from  the  Secretary  s  office  prior  to 
checking  for  a  nominal  fee.  In  this  way,  we  hope  to  make 
preparations  more  quickly  available  and  to  gain  further  in 
formation  concerning  the  types  of  preparations  found  valuable 
by  users  of  Organic  Syntheses.  All  preparations  accepted  by  the 
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Board  of  Editors  will,  of  course,  continue  to  be  checked  before 
final  publication. 

The  Editor-in-Chief  wishes  to  acknowledge  the  assistance  of 
Miss  L.  Kathleen  Green,  who  advised  on  nomenclature  and 
checked  the  references,  and  Mrs.  Rosalie  W.  Holland,  who  typed 
the  manuscript  and  checked  proof. 


Richard  E.  Benson 


Wilmington,  Delaware 
May  1971 
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p-ACETYL-a-BROMOHYDROCINNAMIC  ACID 
(Hydrocinnamic  acid,  p-acetyl-a-bromo-) 


p-CH3COC6H4NH2 


NaN(>2 

HBr 


0 

p-CH3COC6H4-N=N  Br- 


p-CH3COC6H4— N=N  Br-  +  CH2=CHC02H 


CuBr 

HBr 


p-CH3C0C6H4CH2CHC02H 

Br 


Submitted  by  George  H.  Cleland1 

Checked  by  Michael  J.  Umen  and  Herbert  O.  House 


1.  Procedure 

Caution!  Since  bromoacetone,  a  powerful  lachrymator,  is  pro¬ 
duced  as  a  by-product  in  this  preparation,  the  reaction  should  be 
performed  in  a  hood. 

A  tared  500-ml.  two-necked  round-bottomed  flask  is  equipped 
with  a  magnetic  stirring  bar,  a  thermometer,  and  an  ice-filled 
cooling  bath.  A  solution  of  13.5  g.  (0.10  mole)  of  p-amino- 
acetophenone  (Note  1)  in  200  ml.  of  acetone  is  placed  in  the 
flask  and  stirred  while  32  ml.  (about  0.3  mole)  of  aqueous  48% 
hydrobromic  acid  is  added.  After  the  resulting  solution  has  been 
cooled  to  5-7°,  it  is  stirred  continuously  while  20  ml.  of  an 
aqueous  solution  containing  6.90  g.  (0.10  mole)  of  sodium 
nitrite  is  added  rapidly  (30  seconds)  beneath  the  surface  of  the 
reaction  solution  by  means  of  a  hypodermic  syringe  or  a  long¬ 
stemmed  dropping  funnel.  Stirring  and  cooling  are  continued 
until  the  exothermic  reaction  subsides  (Note  2)  and  the  reaction 
solution  has  cooled  to  14-15°.  Then  106  g.  (100  ml.,  1.47  moles) 
of  acrylic  acid  (Note  3)  is  added.  The  resulting  solution  is  again 
cooled  to  14-15°  with  stirring  and  0.10-0.11  g.  (0.0007  mole)  of 
copper (I)  bromide  (Note  4)  is  added.  Stirring  is  continued 
during  which  time  the  solution  darkens,  and  nitrogen  evolution 
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is  observed;  the  temperature  of  the  reaction  mixture  is  kept 
below  33°  by  use  of  the  external  cooling  bath.  As  soon  as  the 
evolution  of  nitrogen  has  ceased  (usually  20  minutes  is  suffic¬ 
ient),  the  reaction  solution  is  concentrated  under  reduced 
pressure  with  a  rotary  evaporator  to  give  a  mixture  weighing 
about  120-130  g.  The  residual  brown  suspension  is  mixed  with 
5  g.  of  decolorizing  charcoal  and  200  ml.  of  water  and  the 
resulting  mixture  is  boiled  for  3  minutes  and  then  filtered 
while  hot  through  a  Buchner  funnel  containing  Celite  filter  aid. 
The  residue  on  the  filter  is  washed  with  100  ml.  of  boiling  water, 
and  the  combined  filtrates  are  diluted  with  300  ml.  of  water. 
The  resulting  aqueous  solution,  from  which  the  product 
begins  to  crystallize,  is  cooled  in  a  water  bath  and  then  allowed 
to  stand  in  a  refrigerator  (0-3°)  for  24  hours  to  complete  the 
crystallization  of  the  crude  product.  The  crystalline  solid  that 
separates  is  collected  on  a  filter,  washed  with  two  100-ml. 
portions  of  cold  water,  and  then  dried  in  the  air.  The  crude 
product,  a  pale  yellow  solid  amounting  to  19.  1-22.2  g.,  is 
recrystallized  from  40  ml.  of  a  2:3  (v/v)  formic  acid-water 
mixture.  The  resulting  crystals  are  collected  on  a  filter,  washed 
with  20  ml.  of  a  cold  mixture  of  formic  acid  and  water  (2:3  v/v), 
and  dried  in  the  air.  The  product  amounts  to  16.6-18.2  g. 
(61-67%)  of  white  needles,  m.p.  158-160°,  which  is  sufficiently 
pure  for  most  purposes.  Three  additional  crystallizations  from 
20-ml.  portions  of  a  2:3  (v/v)  formic  acid- water  mixture  give 
15.2-16.0  g.  (56-59%)  (Note  5)  of  the  pure  p-acetyl-a-bromo- 
hydrocinnamic  acid,  m.p.  159-161°  (Note  6). 


2.  Notes 

1.  Commercial  grades  of  acetone  and  p-aminoacetophenone 
(Matheson  Coleman  and  Bell  or  Aldrich  Chemical  Company, 
Inc.)  were  used  without  further  purification. 

2.  The  temperature  of  the  reaction  mixture  rises  to  about  30° 
and  then  falls  to  15°  as  stirring  and  cooling  are  continued. 
II  this  preparation  were  performed  on  a  larger  scale,  it  would 
probably  be  necessary  to  add  the  sodium  nitrite  solution  over  a 
longer  period  of  time  in  order  to  control  the  temperature. 
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3.  A  freshly  opened  bottle  of  acrylic  acid,  obtained  from 
Eastman  Organic  Chemicals,  was  used  without  further  puri¬ 
fication.  The  checkers  encountered  difficulty  in  attempting  to 
use  samples  of  acrylic  acid  that  had  been  stored  in  partially 
filled  bottles  for  long  periods  of  time. 

4.  A  reagent  grade  of  copper (I)  bromide,  obtained  from 
Fisher  Scientific  Company,  was  washed  with  acetone  until  the 
washings  were  colorless  and  then  dried. 

5.  The  combined  filtrates  from  these  recrystallizations  can 
be  concentrated  to  obtain  an  additional  1-2  g.  of  product. 

6.  The  product  has  infrared  absorption  (KBr  pellet)  at  1735, 
1645,  and  1607  cm.-1  with  an  ultraviolet  maximum  (95% 
EtOH  solution)  at  252.5  m/x  (e  17,000).  The  sample  has  n.m.r. 
peaks  (CF3C02H  solution)  at  8.10  (doublet,  J  =  9Hz.,  2H, 
aryl  CH),  7.47  (doublet,  J  =  9  Hz.,  2H,  aryl  CH),  4.60  (triplet, 
J  =  7.5  Hz.,  1H,  CHBr),  3. 2-3. 9  (multiplet,  2H,  benzylic 
CH2),  and  2.78  p.p.m.  (singlet,  3H,  CH3CO).  The  mass  spectrum 
has  weak  molecular  peaks  at  m/e  270  and  272  with  the  following 
relatively  abundant  fragment  peaks:  m/e  (rel.  int.),  191  (73), 
175  (100),  131  (52),  103  (40),  77  (55),  and  51  (43).  The  product 
gives  a  deep  red  color  when  treated  with  sodium  nitroprusside 
and  aqueous  base;  this  color  changes  to  dark  blue  upon  acid¬ 
ification  with  acetic  acid. 


3.  Discussion 

This  procedure  has  been  used  to  prepare  a  variety  of  sub¬ 
stituted  a-bromohydrocinnamic  acids;2  p-acetyl-a-bromohydro- 
cinnamic  acid  was  prepared  for  the  first  time  by  this  method. 
The  method  illustrates  a  typical  application  of  the  Meerwein 
reaction  for  the  arylation  of  unsaturated  substrates.  In  this 
reaction  a  catalytic  amount  of  a  copper (I)  salt  is  used  to  reduce 
an  aryl  diazonium  salt  forming  an  aryl  radical  and  a  copper(II) 
halide.  Addition  of  the  aryl  radical  to  an  unsaturated  substrate 
forms  an  alkyl  radical  that  is  reoxidized  by  the  copper(II)  halide 
present  forming  an  alkyl  halide  and  regenerating  the  copper(I) 
salt  catalyst.  In  this  preparation,  the  product,  an  a-bromo 
acid,  is  formed  in  an  acidic  reaction  mixture  and  dehydro- 
halogenation  does  not  occur.  However,  dehydrohalogenation 
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of  the  intermediate  halide  is  often  observed  in  analogous 
reactions  performed  under  neutral  or  basic  reaction  conditions.3 
The  use  of  the  Meerwein  reaction  to  form  ultimately  \-{p- 
nitrophenyl)-  1,3-butadiene  by  the  addition  of  an  intermediate 
aryl  radical  to  1,3-butadiene  followed  by  dehydrohalogenation 
of  the  initially  formed  alkyl  halide  is  illustrated  in  Organic 
Syntheses .4 

1.  Department  of  Chemistry,  Occidental  College,  Los  Angeles,  California 
90041. 

2.  G.  H.  Cleland,  J.  Org.  Chem.,  26,  3362  (1961);  J.  Org.  Chem.,  34,  744  (1969). 

3.  C.  S.  Rondestvedt,  Jr.,  Org.  React.,  11,  189  (1960). 

4.  G.  A.  Ropp  and  E.  C.  Coyner,  Org.  Syn.,  Coll.  Vol.  4,  727  (1963). 


ALDEHYDES  BY  OXIDATION  OF  TERMINAL  OLEFINS  WITH 
CHROMYL  CHLORIDE:  2,4,4-TRIMETHYLPENTANAL 


ch3 

I 

ch3-c-ch2-c=ch2 

I  I 

ch3  ch3 


ch3 


1.  CrCRCR 

2.  Zn,  HaO 


ch3-c-ch2-ch-cho 


ch3  ch3 


Submitted  by  Fillmore  Freeman,  Richard  H.  DuBois, 

and  Thomas  G.  McLaughlin1 
Checked  by  Graham  Hagens  and  Peter  Yates 


1.  Procedure 

In  a  5-1.  three-necked  flask  fitted  with  a  mechanical  stirrer,  a 
thermometer,  and  a  dropping  funnel  equipped  with  a  calcium 
chloride  drying  tube  are  placed  112.2  g.  (1.00  mole)  of  freshly 
distilled  2, 4, 4-trimethyl- 1-pentene  (Note  1)  and  1 1.  of  methylene 
chloride  (Note  2).  The  flask  is  immersed  in  an  ice-salt  bath, 
and  the  stirred  solution  is  cooled  to  0-5°.  A  solution  of  158  g. 
(1.02  moles)  (Note  3)  of  freshly  distilled  chromyl  chloride 
(Note  4)  in  200  ml.  of  methylene  chloride  (Note  5)  is  added 
dropwise  with  stirring  from  the  dropping  funnel  while  the 
temperature  is  maintained  at  0-5°  (Note  6).  The  reaction 
mixture  is  stirred  for  15  minutes,  and  184  g.  of  90-95%  technical 
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grade  zinc  dust  (Note  7)  is  added.  The  mixture  is  stirred  for  5 
minutes,  1  1.  of  ice  water  and  400  g.  of  ice  are  added  as  rapidly 
as  possible  (Note  8),  and  the  mixture  is  stirred  for  an  additional 
15  minutes.  The  ice-salt  bath  is  replaced  by  a  heating  mantle, 
and  the  flask  is  fitted  for  steam  distillation.  After  distillation  of 
the  methylene  chloride  the  residue  is  steam  distilled  (Note  9). 
The  distillate  is  transferred  to  a  separatory  funnel,  the  organic 
layer  is  separated,  and  the  aqueous  layer  is  washed  with  three 
50-ml.  portions  of  methylene  chloride.  The  combined  organic 
phases  are  distilled  (Note  10)  through  a  56-cm.  vacuum- jacketed 
Vigreux  column  to  remove  the  solvent.  The  product  is  trans¬ 
ferred  to  a  250-ml.  round-bottomed  flask  and  distilled.  After 
removal  of  a  small  amount  of  methylene  chloride,  the  fraction 
boiling  at  45-52°  (15  mm.)  is  collected  to  give  90-100  g.  (70- 
78%)  (Note  11)  of  2,4,4-trimethylpentanal. 


2.  Notes 

1.  The  alkene  is  available  from  Aldrich  Chemical  Company, 
Inc.,  or  Phillips  Petroleum  Company  and  can  be  used  without 
distillation. 

2.  The  material  available  from  Matheson  Coleman  and  Bell  or 
Eastman  Organic  Chemicals  is  satisfactory  except  as  explained 
in  Note  5. 

3.  Since  chromyl  chloride  is  easily  hydrolyzed,  a  slight 
excess  is  used. 

4.  The  fraction,  b.p.  115.5-116.5°,  is  used.  Chromyl  chloride 
is  available  from  Alfa  Inorganics,  Inc. 

5.  Chromyl  chloride  tends  to  react  slowly  with  the  com¬ 
mercially  available  methylene  chloride.  This  can  be  avoided 
with  a  slight  increase  in  yield  if  the  methylene  chloride  used  to 
dissolve  the  chromyl  chloride  is  distilled  through  a  15-20  cm. 
Vigreux  column  immediately  before  use. 

6.  The  time  required  for  the  addition  is  about  60  minutes. 

7.  This  approximate  fivefold  excess  is  necessary  to  i  educe 
the  chromium  higher  valent  salts  and  thereby  eliminate 
overoxidation  and  double  bond  cleavage.  The  zinc  dust  used  was 
obtained  from  Allied  Chemical  Corporation. 
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8.  The  temperature  usually  increases  to  8-10°. 

9.  Steam  distillation  is  discontinued  when  the  distillate 
gives  a  negative  test  with  2,4-dinitrophenylhydrazine  reagent. 

10.  It  is  not  necessary  to  dry  the  organic  phase. 

11.  The  checkers,  working  at  two-thirds  scale,  obtained  the 
product  in  70-71%  yield. 


3.  Discussion 

2,4,4-Trimethylpentanal  has  been  prepared  by  the  catalytic 
isomerization  of  l,2-epoxy-2,4,4-trimethylpentane  in  the  liquid 
and  in  the  gas  phase  (77-92%), 2  and  by  the  oxidation  of  2,4,4- 
trimethyl- 1-pentene  with  chromium  trioxide  in  acetic  an¬ 
hydride.3  Although  the  catalytic  isomerization  of  the  epoxide2 
gives  2,4,4-trimethylpentanal  in  good  yield,  this  requires  the 
epoxidation  of  the  alkene  as  the  first  step.  The  chromyl  acetate 
and  chromic  acid  oxidative  methods  of  preparation  give  un¬ 
satisfactory  yields.3  In  the  preparation  described  here,  2,4,4- 
trimethylpentanal  is  obtained  from  the  alkene  in  good  yield  in 
one  step.  Also,  this  preparation  illustrates  a  general  and 
convenient  procedure  for  the  oxidation  of  2,2-disubstituted-l- 
alkenes  (Table  I)  directly  to  unstable  and  reactive  aldehydes.4 
The  reaction  is  very  fast  and  the  aldehyde  is  the  major  product. 


TABLE  I 

Aldehydes  by  Oxidation  of  Terminal  Olefins 
with  Chromyl  Chloride 


Alkene 

Aldehyde 

Yield,  % 

4, 4-Dimethyl  -  2  -neopentyl  - 

4,4-Dimethyl-2-neo- 

80. 8a 

1  -pentene 

pentylpentanal 

2  -Phenylpropene 

2-Phenylpropanal 

60. 0b 

1 , 1  -Diphenylethylene 

2, 2 -Dipheny  lethanal 

62. 7b 

a  Reference  4. 
b  Reference  5. 


4,4-I)imethyl-2-neopentylpentanal,6  2-phenylpropanal,7  and 
2,2-diphenylethanal  8  are  generally  prepared  by  isomerization  of 
the  corresponding  epoxide  and/or  by  multistep  syntheses. 
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In  contrast  to  the  relative  simplicity  of  the  chromyl  chloride 
oxidation  of  2,2-disubstituted-l-alkenes  to  aldehydes,  the 
chromyl  acetate  and  chromic  acid  oxidations  generally  lead  to 
epoxides,  acids,  and  carbon-carbon  double  bond  cleavage.  For 
example,  chromyl  acetate  oxidizes  4,4-dimethyl-2-neopentyl- 
1-pentene  primarily  to  l,2-epoxy-4,4-dimethyl-2-neopentyl- 
pentane  in  low  yield,9  and  chromic  acid  oxidizes  the  alkene 
principally  to  4,4-dimethyl-2-neopentylpentanoic  acid.6,10 

1.  Department  of  Chemistry,  California  State  College,  Long  Beach,  California 
90801.  This  investigation  was  supported  by  the  Long  Beach  California 
State  College  Foundation,  the  Research  Corporation,  and  the  Petroleum 
Research  Fund  administered  by  the  American  Chemical  Society. 

2.  E.  J.  Gasson,  A.  R.  Graham,  A.  F.  Millidge,  I.  K.  M.  Robson,  W.  Webster, 
A.  M.  Wild,  and  D.  P.  Young,  J.  Chem.  Soc.  (London),  2170  (1954). 

3.  A.  Byers  and  W.  J.  Hickinbottom,  J.  Chem.  Soc.  (London),  1334  (1948). 

4.  F.  Freeman,  P.  J.  Cameron,  and  R.  H.  DuBois,  J.  Org.  Chem.,  33,  3970 
(1968). 

5.  F.  Freeman,  R.  H.  DuBois,  and  N.  J.  Yamachika,  Tetrahedron,  25,  3441 
(1969). 

6.  P.  D.  Bartlett,  G.  L.  Fraser,  and  R.  B.  Woodward,  J.  Amer.  Chem.  Soc., 
63,  495  (1941). 

7.  C.  F.  H.  Allen  and  J.  VanAllan,  Org.  Syn.,  Coll.  Vol.  3,  733  (1955). 

8.  D.  J.  Reif  and  H.  O.  House,  Org.  Syn.,  Coll.  Vol.  4,  375  (1963). 

9.  W.  J.  Hickinbottom  and  D.  G.  M.  Wood,  J.  Chem.  Soc.  (London),  1600 
(1951). 

10.  F.  C.  Whitmore  and  J.  D.  Surmatis,  J .  Amer.  Chem.  Soc.,  63,  2200  (1941). 


ALDEHYDES  FROM  ACID  CHLORIDES  BY  MODIFIED 
ROSENMUND  REDUCTION: 
3,4,5-TRIMETHOXYBENZALDEHYDE 


CH,0 


CH,0 


CH  COC1  +  H 


Pd-C 


♦  CHoO 


CH,0 


CHO  +  HC1 


Submitted  by  A.  I.  Rachlin,  H.  Gttrien,  and  D.  P.  Wagner1 
Checked  by  James  H.  Sherman  and  Richard  E.  Benson 


1.  Procedure 


A  pressure  vessel  (Note  1)  is  charged  in  order  with  600  ml.  of 
dry  toluene  (Note  2),  25  g.  (0.3  mole)  of  anhydrous  sodium 
acetate  (Note  3),  3  g.  of  dry  10%  palladium-on-carbon  catalyst 
(Note  4),  23  g.  (0.1  mole)  of  3,4,5-trimethoxybenzoyl  chloride 
(Note  5),  and  1  ml.  of  Quinoline  S  (Note  6).  The  pressure  vessel 
is  flushed  with  nitrogen,  sealed,  evacuated  briefly,  and  pressured 
to  50  p.s.i.  with  hydrogen.  The  mixture  is  shaken  with  50  p.s.i. 
of  hydrogen  for  1  hour  at  room  temperature  (Note  7)  and  then 
is  heated  at  35— 40L  for  2  hours.  Agitation  is  continued  overnight 
while  the  reaction  mixture  cools  to  room  temperature.  The 
pressure  on  the  vessel  is  released,  the  vessel  is  opened,  and  the 
mixture  is  filtered  through  10  g.  of  Celite  filter  aid,  and  the 
insoluble  material  is  washed  with  25  ml.  of  toluene.  The 
combined  filtrates  are  washed  with  25  ml.  of  5%  sodium  carbon¬ 
ate  solution  and  then  with  25  ml.  of  water.  The  toluene  solution 
is  dried  over  5  g.  of  anhydrous  sodium  sulfate,  and  the  drying 
agent  is  recovered  by  filtration.  The  filtrate  is  concentrated  by 
distillation  at  reduced  pressure  using  a  water  aspirator.  The 
residue  (Note  8)  is  distilled  through  a  10-cm.  Vigreux  column 
with  warm  water  circulating  through  the  condenser  to  prevent 
crystallization  of  the  distillate  to  yield  12.5-16.2  g.  (64-83%)  of 
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3,4,5-trimethoxybenzaldehyde,  b.p.  158-161°  (7-8  mm.),  m.p. 
74-75°  (Notes  9  and  10). 


2.  Notes 

1.  Both  glass-lined  and  stainless-steel  autoclaves  have  been 
used  successfully.  The  checkers  used  a  1.2-1.  Hastelloy  auto¬ 
clave. 

2.  Reagent-grade  toluene  was  heated  at  reflux  to  remove  a 
small  fore-run  and  then  allowed  to  cool. 

3.  Anhydrous  sodium  acetate  was  dried  in  a  vacuum  oven  at 
115°  for  48  hours.  The  use  of  less  than  3  moles  of  sodium  acetate 
per  mole  of  acid  chloride  results  in  a  lower  yield  of  product. 

4.  A  catalyst  available  from  Engelhard  Industries  was  used. 
The  catalyst  was  dried  in  a  vacuum  oven  at  115°  for  48  hours. 
Caution!  Palladium-on-carbon  is  pyrophoric,  and  vacuum 
drying  increases  this  hazard.  Catalysts  kept  in  the  oven  for  longer 
periods  of  time  were  extremely  pyrophoric. 

5.  The  acid  chloride  or  the  acid  may  be  purchased  from 
Aldrich  Chemical  Company,  Inc.  The  acid  chloride  must  be 
pure  (99%  minimum  by  gas  chromatography  analysis)  whether 
purchased  or  prepared.  Purification  was  effected  by  recrystal¬ 
lization  from  Skellysolve  B. 

6.  J.  W.  Williams,  Org.  Syn.,  Coll.  Vol.  3,  629  (1955). 

7.  Repressuring  with  hydrogen  is  required  during  this  period. 
The  amount  of  repressuring  required  is  dependent  upon  the 
free  space  of  the  pressure  vessel.  The  submitters  report  lower 
yields  if  the  pressure  falls  below  30  p.s.i.  No  further  repressuring 
is  made  at  the  end  of  1  hour. 

8.  The  crude  aldehyde  (prior  to  distillation)  is  sufficiently 
pure  for  most  purposes.  Isolation  of  the  aldehyde  may  also  be 
achieved  by  means  of  the  bisulfite-addition  compound. 

9.  The  product  shows  a  strong  infrared  band  (KBr  wafer)  at 
1690  cm.-1  (C  =  0).  The  n.m.r.  spectrum  (carbon  tetrachloride 
solution)  has  peaks  at  3.84  (singlet,  3H),  3.87  (singlet,  6H), 
7.03  (singlet,  2H),  and  9.76  p.p.m.  (singlet,  1H). 

10.  The  submitters  state  that  the  aldehyde  is  obtained  in 
78-84%  yield  when  the  reaction  is  conducted  on  a  scale  5 
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times  that  described  above.  The  amount  of  catalyst  and  Quin¬ 
oline  S  need  not  be  increased  proportionately.  The  pressure 
vessel  is  charged  with  3  1.  of  dry  toluene,  123  g.  of  anhydrous 
sodium  acetate,  10  g.  of  dry  10%  palladium-on-carbon  catalyst, 
115  g.  of  3,4,5-trimethoxybenzoyl  chloride,  and  4  ml.  of 
Quinoline  S. 


3.  Discussion 

3,4,5-Trimethoxybenzaldehyde  has  been  prepared  by  the 
classical  Rosenmund3-5  reduction,  from  5-hydroxyvanillin 
by  methylat.ion,1 2 3 4 5 6  and  by  oxidation  of  3,4,5-trimethoxybenzyl 
alcohol.7 

The  normal  Rosenmund  reduction  has  often  been  used  for 
small-scale  reactions,  but  for  large  preparations  it  has  the  follow¬ 
ing  disadvantages:  long  reaction  cycles  at  elevated  temperatures, 
inefficient  use  of  hydrogen,  the  hazard  of  passing  hydrogen 
through  and  away  from  a  hot  reaction,  the  use  of  relatively 
high  catalyst  to  substrate  ratios,  and  the  necessity  of  monitoring 
the  evolved  hydrogen  chloride  as  a  means  of  following  the 
reaction.  These  shortcomings  have  been  eliminated  by  carrying 
out  the  reaction  in  a  closed  system  at  low  pressure  in  the  presence 
of  a  hydrogen  chloride  acceptor. 

The  reaction  has  been  carried  out  on  large-  and  small-scale 
batches  (Note  10).  This  modification,8  as  exemplified  by  3,4,5- 
trimethoxybenzaldehyde,  has  been  applied  by  the  submitters 
to  the  preparation  of  other  aldehydes9  such  as  3,4-dimethyl- 
benzaldehyde10  (90%  yield),  3-benzyloxy-4,5-dimethoxybenz- 
aldehyde11  (88%  yield,  with  retention  of  the  benzyl  group), 
and  3-methoxy-4-nitrobenzaldehyde 1 2  (62%  yield,  with  reten¬ 
tion  of  the  nitro  group). 

1.  Chemical  Research  Department,  Hoffmann  La-Roche  Inc.,  Nutley,  New 
Jersey  07110. 

2.  A.  I.  Vogel,  “A  Textbook  of  Practical  Organic  Chemistry,”  3rd  ed., 
John  Wiley  &  Sons.,  Inc.,  New  York,  1956,  p.  322. 

3.  K.  W.  Rosenmund,  Ber.,  51,  591  (1918). 

4.  K.  H.  Slotta  and  H.  Heller,  Ber.,  63,  3029  (1930). 

5.  F.  Benington  and  R.  D.  Morin,  J.  Amer.  Chem.  Soc.,  73,  1353  (1951). 

6.  I.  A.  Pearl  and  D.  L.  Beyer,  J.  Amer.  Chem.  Soc.,  74,  4262  (1952). 
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8.  H.  Gurien,  D.  P.  Wagner,  and  A.  I.  Rachlin,  U.S.  Patent  3,517,066  (1970). 

9.  D.  P.  Wagner,  H.  Gurien,  and  A.  I.  Rachlin,  Ann.  N.  Y.  Acad.  Sci., 
172,  (9),  186  (1970). 

10.  L.  E.  Hinkel,  E.  E.  Ayling,  and  W.  H.  Morgan,  J.  Chem.  Soc.  (London), 
2797  (1932). 
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ALDEHYDES  FROM  ACID  CHLORIDES  BY  REDUCTION  OF 
ESTER-MESYLATES  WITH  SODIUM  BOROHYDRIDE: 
CYCLOBUTANECARBOXALDEHYDE 


OH  OS02CH3  qo 


COC1  +  CH3CH-CHCH3  pyridine 


O 

// 

"'I 

""X)  oso2ch3 

I  I 

ch3ch— chch3 


NaBH4 


pyridine,  115° 


h3o  + 


I  / 

CH3CHCHCH3 

Submitted  by  M.  Ross  Johnson  and  Bruce  Rickborn1 
Checked  by  Saul  C.  Cherkofsky  and  Richard  E.  Benson 


1.  Procedure 

A.  Erythro-2,3-butanediol  monomesylate.  A  2-1.  round- 
bottomed  flask  is  equipped  with  a  1-1.  dropping  funnel  to 
which  is  attached  a  drying  tube  containing  calcium  chloride. 
A  magnetic  stirring  bar  is  placed  in  the  flask  and  a  solution  of 
48.0  g.  (0.50  mole)  of  methanesulfonic  acid  (Note  1)  in  500  ml. 
of  anhydrous  ether  is  added.  Stirring  is  begun,  and  the  flask  is 
cooled  in  an  ice-water  bath  while  a  solution  of  37  g.  (0.515  mole) 
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of  trans- 2-butene  oxide  (Notes  2  and  3)  in  500  ml.  of  anhydrous 
ether  is  added  over  a  period  of  3-4  hours  (Note  4).  After  6  hours 
the  cooling  bath  is  removed  and  the  mixture  is  stirred  an  addi¬ 
tional  12  hours.  The  ether  and  any  excess  epoxide  are  removed  at 
25°  by  use  of  a  rotary  evaporator  attached  to  a  water  aspirator 
to  give  83-84  g.  (99-100%)  of  ery^ro-2,3-butanediol  mono¬ 
mesylate  as  a  clear,  colorless,  somewhat  viscous  liquid  (Note  5). 

B.  Erythro-^-methanesulfonyloxy-2-butyl  cyclobutanecarboxyl- 
ate.  A  500-ml.  round-bottomed  flask  is  equipped  with  a  50-ml. 
dropping  funnel,  and  a  magnetic  stirring  bar  is  placed  in  the 
flask.  The  flask  is  cooled  in  an  ice-water  bath  and  35.3  g. 
(0.21  mole)  of  erythro- 2,3-butanediol  monomesylate  (from  Part 
A)  and  150  ml.  of  dry  pyridine  are  added.  Stirring,  is  begun, 
and  23.7  g.  (0.20  mole)  of  cyclobutanecarbonyl  chloride  (Note  6) 
is  added  over  a  period  of  1  hour.  The  cooling  bath  is  removed, 
and  stirring  is  continued  for  8  hours.  The  mixture  is  added  to 
500  ml.  of  ether,  and  the  resulting  solution  washed  three  times 
with  250-ml.  portions  of  3A  sulfuric  acid.  The  pyridine-free 
solution  is  washed  with  250  ml.  of  a  saturated  sodium  bicarbon¬ 
ate  solution  and  then  with  250  ml.  of  water.  The  ether  solution 
is  dried  over  2  g.  of  anhydrous  magnesium  sulfate.  The  solvent 
is  removed  by  use  of  a  rotary  evaporator  at  25°  to  give  45.1- 
48.0  g.  (90-96%)  of  ery£ftro-3-methanesulfonyloxy-2-butyl 
cyclobutanecarboxylate  as  a  pale  yellow,  viscous  liquid  (Note  7). 

C.  2-Cyclobutyl-cis-4:-trans-5-dimethyl-l,3-dioxolane.  A  2-1. 
three-necked  round-bottomed  flask  is  equipped  with  a  mechan¬ 
ical  stirrer,  a  125-ml.  dropping  funnel,  and  a  condenser  to 
which  is  attached  a  nitrogen  line  with  a  bubbler  device  to 
permit  maintenance  of  a  positive  pressure  of  nitrogen.  An¬ 
hydrous  pyridine  (650  ml.)  and  5  g.  (0.125  mole)  of  sodium 
borohydride  (Note  8)  are  added  to  the  flask,  stirring  is  begun, 
and  the  mixture  is  heated  at  reflux.  A  solution  of  25  g.  (0.10 
mole)  of  ery^ro-3-methanesulfonyloxy-2-butyl  cyclobutane¬ 
carboxylate  (from  Part  B)  in  50  ml.  of  anhydrous  pyridine  is 
then  added  from  the  dropping  funnel  over  a  period  of  30 
minutes  and  heating  at  reflux  is  continued  for  8  hours.  After 
cooling,  50  ml.  of  water  is  added  (some  heat  is  evolved),  and 
the  mixture  is  transferred  to  a  4-1.  separatory  funnel  with  1  1.  of 
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pentane  (Note  9),  and  700  ml.  of  cold  3 N  sulfuric  acid  saturated 
with  sodium  chloride.  The  aqueous  layer  is  separated  and  washed 
two  times  with  250-ml.  portions  of  pentane.  The  pentane 
extractions  are  combined  and  washed  with  three  500-ml. 
portions  of  3 N  sulfuric  acid  saturated  with  sodium  chloride  and 
finally  with  500  ml.  of  a  saturated  sodium  bicarbonate  solution. 
The  pentane  solution  is  dried  over  1  g.  of  anhydrous  potassium 
carbonate,  the  pentane  is  removed  by  evaporation  on  a  steam 
bath,  and  the  product  is  distilled  through  a  short  Vigreux 
column  to  give  6. 7-7. 6  g.  (43-49%)  (Note  10)  of  2-cyclobutyl- 
CLS-4Trans-5-dimethyl-l,3-dioxolane,  b.p.  79-83°  (22  mm.) 

(Note  11). 

D.  Cyclobutanecarboxaldehyde.  A  1-1.  round-bottomed  flask 
containing  a  magnetic  stirring  bar  is  fitted  with  a  60-cm.  glass 
helix-packed  column.  To  the  flask  are  added  600  ml.  of  3 N 
sulfuric  acid,  200  ml.  of  dimethylformamide  (Note  12),  and 
20  g.  (0.13  mole)  of  2-cyclobutyl-cis-4Tr<ms-5-dimethyl-l,3- 
dioxolane  (from  Part  C).  The  mixture  is  heated  to  gentle 
reflux,  and  cyclobutanecarboxaldehyde  is  collected  as  a  steam 
distillate,  b.p.  86°.  After  the  distillation  of  the  oil  has  ceased, 
the  product  is  transferred  to  a  separatory  funnel,  and  the  lower 
layer  of  water  is  discarded.  The  oil  is  dissolved  in  25  ml.  of 
ether,  and  the  solution  is  dried  over  anhydrous  sodium  sulfate. 
The  product  is  distilled  through  a  small  Vigreux  column.  After 
removal  of  the  ether,  6. 2-6. 7  g.  (58-63%)  of  cyclobutane¬ 
carboxaldehyde  is  collected,  b.p.  56-59°  (120  mm.)  (Note  13). 

2.  Notes 

1 .  Methanesulfonic  acid  was  obtained  from  Aldrich  Chemical 
Company,  Inc.,  and  distilled  prior  to  use.  The  fraction  b.p.  140° 
(0.2  mm.)  was  used. 

2.  trans- 2-Butene  oxide  was  prepared  by  appropriate 
modification  of  the  procedure  of  Reif  and  House.2  In  a  2-1. 
four-necked  round-bottomed  flask  fitted  with  a  mechanical 
stirrer,  a  1-1.  dropping  funnel,  a  dry  ice-acetone  condenser,  and 
a  thermometer  is  placed  1  1.  of  sym-tetrachloroethane.  The 
condenser  is  packed  with  a  dry  ice-acetone  mixture,  and  the 
flask  is  cooled  in  an  ice-methanol  bath  to  —15°.  One  hundred 
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fifty-three  grams  (2.73  moles)  of  trans- 2-butene  (Phillips 
Petroleum  Company,  99%)  is  distilled  into  the  flask  from  a  fared, 
chilled  trap.  Six  hundred  milliliters  of  40%  peracetic  acid 
(FMC  Corporation),  to  which  has  been  added  30  g.  sodium 
acetate  to  neutralize  the  sulfuric  acid  that  is  present,  is  added  to 
the  stirred  solution  from  the  dropping  funnel  over  a  period  of  2 
hours.  The  mixture  is  stirred  at  —15°  for  another  hour  and 
then  allowed  to  warm  to  room  temperature.  The  mixture  is 
poured  into  1  1.  of  ice-cold  water.  The  organic  layer  is  separated 
and  washed  with  10%  sodium  carbonate  solution  and  then  with 
water.  The  organic  layer  is  dried  over  magnesium  sulfate,  and 
the  drying  agent  removed  by  filtration.  Distillation  of  the 
filtrate  through  a  75-cm.  spinning-band  column  gives  133  g. 
(68%)  of  trans- 2-butene  oxide  as  a  colorless  oil,  b.p.  52.5-55°. 

3.  A  slight  excess  of  trans- 2-butene  oxide  is  used  to  assure 
complete  utilization  of  methanesulfonic  acid.  The  checkers’ 
experiments  indicated  that  the  use  of  a  15%  excess  of  the 
epoxide  substantially  reduced  the  amount  of  unreacted  methane¬ 
sulfonic  acid  present  in  the  product  and  did  not  appear  to 
interfere  with  the  succeeding  steps  of  this  procedure. 

4.  This  order  of  addition  and  dilution  is  required  to  avoid 
dimerization  or  polymerization  of  the  epoxide. 

5.  No  attempt  was  made  to  further  purify  this  compound, 
which  had  a  very  characteristic  n.m.r.  spectrum  (deuterio- 
chloroform  solution,  external  tetramethylsilane  reference):  1.22 
(doublet,  J  =  7.5  Hz.,  3H),  1.37  (doublet,  J  =  7.5  Hz.,  3H), 
3.1  (singlet,  3H),  3.4  (singlet,  OH,  position  variable),  4.0 
(doublet  of  quartets;  J  =  4.0,  7.5  Hz.;  1H),  and  4.78  p.p.m. 
(doublet  of  quartets,  J  =  4.0,  7.5  Hz.;  1H).  A  sample  stored  for 
several  weeks  at  room  temperature  showed  no  change  in  its 
spectrum. 

6.  Cyclobutanecarbonyl  chloride  was  obtained  from  Aldrich 
Chemical  Company,  Inc.  It  was  distilled  prior  to  use.  The  acid 
chloride  can  be  prepared  by  the  reaction  of  thionyl  chloride 
with  the  corresponding  acid  (available  from  Aldrich)  by  the 
general  procedure  of  Helferich  and  Schaefer.3  The  preparation 
of  cyclobutanecarboxylic  acid  has  been  described  in  Organic 
Syntheses 4  and  elsewhere.5 
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7.  The  n.m.r.  spectrum  (deuteriochloroform  solution,  external 
tetramethylsilane  reference):  1.27  (doublet,  J  =  6.5  Hz.,  3H), 
1.41  (doublet,  J  =  6.5  Hz.,  3H),  2.18  (multiplet,  6H),  3.10 
(singlet,  3H),  superimposed  on  3.2  (multiplet,  1H),  and  5.0 
p.p.m.  (multiplet,  2H).  Infrared  (chloroform  solution):  1725 
cm.-1. 

8.  Commercial  material  from  Matheson  Coleman  and  Bell 
and  recrystallized  reagent  gave  comparable  results.  The  yield  is 
decreased  by  use  of  less  than  1  mole  of  sodium  borohydride 
per  mole  of  mesylate. 

9.  Either  purified  pentane  or  Spectranalyzed  pentane  avail¬ 
able  from  Fisher  Scientific  Company  was  used. 

10.  The  submitter  reports  yields  of  10-11  g.  (64-71%).  The 
checker  obtained  the  dioxolane  in  57%  yield  on  conducting  the 
experiment  on  a  sixfold  scale. 

11.  The  n.m.r.  spectrum  (neat,  external  tetramethylsilane 

reference)  1.1  (two  overlapping  doublets,  J  =  6  Hz.,  6H), 
1. 7-2.0  (multiplet,  6H),  2. 1-2.6  (multiplet,  1H),  3. 2-3. 8 

(multiplet,  2H),  and  4.94  p.p.m.  (doublet,  J  =  5  Hz.,  1H). 

12.  This  proportion  of  water  to  dimethylformamide  is 
needed  to  assure  solubility  (hence  facile  reaction)  of  the  acetal  on 
heating  at  reflux. 

13.  The  n.m.r.  spectrum  (neat,  external  tetramethylsilane 
reference):  1. 4-2.4  (multiplet,  6H),  2. 6-3.2  (multiplet,  1H), 
and  9.8  p.p.m.  (doublet,  J  a  1.5  Hz.,  1H);  infrared  spectrum 
(carbon  tetrachloride  solution);  1730  cm.  1  (C=0). 

3.  Discussion 

Cyclobutanecarboxaldehyde  has  been  prepared  in  very  low 
yield  by  the  Rosenmund  reduction  procedure.6  A  46%  yield 
of  the  2 ,4-dinitrophenylhydrazone  derivative  has  also  been 
reported,  with  the  aldehyde  formed  as  an  intermediate,  in  the 
reaction  of  the  acid  chloride  and  lithium  tri-f-butoxyaluminum 
hydride  at  —78°  in  diglyme.7 

Of  the  several  methods  now  available  for  the  reduction  of 
carboxylic  acid  derivatives  to  aldehydes,  all  lequiie  careful 
control  of  conditions  to  avoid  overreduction  or  underreduction. 
The  procedure  described  here  is  particularly  convenient  in  that 
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the  acetal,  not  subject  to  further  reduction,  is  formed  directly 
in  the  reducing  medium. 

The  scope  of  the  reaction  is  indicated  in  Table  I.  An  interest¬ 
ing  aspect  of  the  reaction  is  that  the  rate  of  the  borohydride 

TABLE  I 

Aldehydes  fkom  Estek-Mesylates 


0 

II 

R— C  — 0  0S02CH3 

I  I 

ch3— ch— ch—  ch3 
(A) 


p-CHCH3 
R— CH  | 

o-chch3 

(B)  • 


RCHO 

(C) 


Ester-Mesylates 
(A),  R  = 

Acetal  (B) 
Yield,  %a 

Aldehyde  (C) 

Yield,  %a 

n-C5Hu- 

63 

78 

c6h5- 

64 

89 

cyclo-CeHii- 

75 

93 

(CH3)3C- 

77 

50b 

c6h5ch=ch- 

62 

87°.a 

0 

67 

81c 

cyclo-C3H5- 

72 

81 

a  Yield  of  distilled  product;  in  several  instances  numerous  runs  were  made, 
and  the  lowest  yield  is  given. 

b  This  acetal  hydrolyzes  quite  slowly,  and  the  relatively  low  yield  of  pivalalde- 
hyde  appears  to  be  associated  with  this  observation. 

0  Yields  determined  by  gas  chromatography  analysis  only. 
d  Fifteen  percent  of  this  product  is  the  dihydro  derivative,  that  is,  the  acetal 
of  3-phenylpropanal. 


reduction  step  appears  to  be  relatively  insensitive  to  the 
substitutent  R.  It  is  suggested  that  the  reaction  occurs  with 
formation  of  an  intermediate  acyloxonium  ion,  which  is  rapidly 
converted  to  acetal  by  reaction  with  the  borohydride  ion. 
Pyridine-borane  has  been  shown  to  be  the  other  product 


R 


ch3— hc-ch-ch3 


R  H 

BH  4  — 

o  0  + 

ch3— hc-ch— ch3 


N— BH3 
\_J 
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of  this  reaction;  yield  studies  also  indicate  that  only  one  hydride 
per  borohydride  ion  is  used  efficiently  in  the  formation  of 
acetal. 
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fornia  93106. 
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ALDEHYDES  FROM  ALLYLIC  ALCOHOLS  AND 
PHENYLPALLADIUM  ACETATE: 
2-METHYL-3-PHENYLPROPIONALDEHYDE 

C6H5HgOCOCH3  +  Pd(OCOCH3)2  - ► 

[C6H5PdOCOCH3]  +  Hg(OCOCH3)2 

CH3 

I 

[C6H5PdOCOCH3]  +  CH2=CCH2OH  - ► 

r  ch3  i 

i 

c6h5ch2cch2oh  - ► 

I 

PdOCOCH3_ 

ch3 

I 

C6H5CH2CHCHO  +  CH3COOH  +  Pd 


Submitted  by  R.  F.  Heck1 

Checked  by  Robert  A.  Clement  and  Richard  E.  Benson 


1.  Procedure 

A  slurry  comprised  of  33.6  g.  (0.10  mole)  of  commercial 
phenylmercuric  acetate,  200  ml.  of  acetonitrile,  and  14.4  g. 
(17  ml.,  0.2  mole)  of  methallyl  alcohol  (Note  1)  is  prepared  in  a 
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500-ml.  three-necked  flask  fitted  with  a  mechanical  stirrer,  a 
condenser,  and  a  thermometer.  The  slurry  is  stirred  and  cooled 
in  an  ice  bath,  and  22.4  g.  (0.1  mole)  of  powdered  palladium 
acetate  (Note  2)  is  added  over  1  minute.  Stirring  is  continued 
with  cooling  for  1  hour  and  then  at  room  temperature  for  3  more 
hours  (Note  3).  The  temperature  of  the  reaction  mixture 
reaches  a  maximum  of  27°  after  removal  of  the  ice  bath. 

The  black  reaction  mixture  is  diluted  with  about  100  ml.  of 
ether  and  poured  onto  200  g.  of  ether-wet  alumina  (Woelm, 
Activity  Grade  i)  in  a  45  x  2.5  cm.  glass  chromatographic 
column.  The  product  is  washed  through  the  alumina  with 
about  1 1.  of  ether.  The  brown  eluate  is  concentrated  by  distilling 
the  ether  through  a  45-cm.  Vigreux  column  on  a  steam  bath  at 
atmospheric  pressure.  When  the  ether  has  been  distilled,  a  slight 
vacuum  is  applied  to  remove  most  of  the  acetonitrile.  When  the 
volume  reaches  about  50  ml.,  the  mixture  is  filtered  into  a 
100-ml.  distillation  flask  to  free  it  from  some  precipitated 
palladium  metal.  The  flask  is  rinsed  with  10  ml.  of  ether,  and 
the  rinse  is  combined  with  the  product.  The  flask  is  equipped 
with  a  10-cm.  Vigreux  column  for  distillation  at  reduced 
pressure.  After  removal  of  the  solvent,  8. 1-8.5  g.  (55-58%)  of 
2-methyl-3-phenylpropionaldehyde  is  collected,  b.p.  75-85° 
(3  mm.)  (Note  4),  n25 D  1.5113  (Note  5). 


2.  Notes 

1.  Methallyl  alcohol  was  obtained  from  Eastman  Organic 
Chemicals. 

2.  Palladium  acetate  was  purchased  from  Engelhard  In¬ 
dustries. 

3.  The  yield  improves  slightly  with  stirring  overnight.  The 
checkers  obtained  the  aldehyde  in  69%  yield  in  an  experiment 
using  stirring  overnight. 

4.  The  bulk  of  the  product  has  b.p.  77-80°  (3  mm.). 

5.  The  product  is  90-95%  pure  by  gas  chromatographic  and 
n.m.r.  analyses.  The  checkers  estimated  the  purity  to  be  at 
least  95%  by  these  criteria.  The  n.m.r.  spectrum  (deuterio- 
chloroform  solution,  internal  tetramethylsilane  reference)  shows 
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peaks  at  0.95  (doublet,  J  —  6.5  Hz.,  3H),  ~2.7  (complex  multi- 
plet,  3H),  7.20  (singlet,  5H)  and  9.65  p.p.m.  (doublet,  J  =  1.5 
Hz.,  1H). 


3.  Discussion 

The  formation  of  3-aryl-substituted  aldehydes  and  3-aryl- 
substituted  ketones  by  the  reaction  of  “  arylpalladium  salts” 
with  ally  lie  alcohols  is  a  general  reaction.2  Illustrations  of  the 
preparation  of  two  aldehydes  and  two  ketones  are  given  in 
Table  I. 


TABLE  I 

3  -  Alt  YX  C  ARBONYL  COMPOUNDS  FROM  ALLYLIC  ALCOHOLS 
and  “  Phenylpalladium  Acetate  ”2 


Allylic  Alcohol 

Product 

Yield, 

% 

Boiling  Point, 
°C. 

ch2=chch2oh 

C6H5CH2CH2CHO 

35 

220-225Oa 

trans-CH3CH=CHCH2OH 

C6HsCH(CH3)CH2CHO 

36 

67-75°  (1  mm.) 

trans- CH3CH = CHCH  ( OH  )CH  3 

C6H5CH(CH3)CH2COCH3 

51 

70-75°  (3  mm.) 

(CH3)2C=CHCH(OH)CH3 

C6H5C(CH3)2CH2COCH3 

29 

83-87°  (2  mm.) 

a  Purification  by  careful  distillation  is  necessary  in  this  example  to  remove  cinnamalde- 
hyde  which  is  also  formed  in  the  reaction  (b.p.  252°). 


The  presence  of  nitro,  carboalkoxy,  carboxyl,  chloro,  formyl, 
alkyl,  and  acyl  groups  does  not  interfere  with  the  reaction.  A 
single  alkoxy  group  also  does  not  interfere,  but  if  two  or  more 
are  present,  the  yields  are  markedly  decreased.  The  reaction  is 
inhibited  by  the  presence  of  unhindered,  basic  nitrogen  sub¬ 
stituents,  by  the  phenolic  group,  and  probably  by  the  thiol 
group. 

A  variation  of  this  procedure  involves  the  use  of  a  catalytic 
amount  of  palladium  chloride  with  cupric  chloride  as  a  le- 
oxidant.2  This  method,  however,  generally  gives  lower  yields 
and  less  pure  products. 

Other  preparations  of  2-methyl-3-phenylpropionaldehyde 
include  the  pyrolysis  of  a  mixture  of  the  calcium  salts  of  2- 
methyl-3-phenylpropionic  acid  and  formic  acid,3  and  the 
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pyrolysis  of  the  glycidic  ester  obtained  from  phenyl-2-propanone 
and  ethyl  chloroacetate.4 

1.  Contribution  No.  1504  from  the  Research  Center,  Hercules  Incorporated, 
Wilmington,  Delaware  19899. 

2.  R.  F.  Heck,  J.  Amer.  Chem.  Soc.,  90,  5526  (1968). 

3.  W.  v.  Miller  and  G.  Rohde,  Ber.,  23,  1079  (1890). 

4.  G.  Darzens,  Compt.  Rend.,  139,  1214  (1904). 


ALDEHYDES  FROM  AROMATIC  NITRILES: 
p-FORMYLBENZENESULFONAMIDE 


so2nh2  so2nh2 

Submitted  by  T.  van  Es  and  B.  Staskun1 

Checked  by  A.  Brossi,  L.  A.  Dolan,  and  A.  Latjrenzano 

1.  Procedure 

A  2-1.  two-necked  round-bottomed  flask  fitted  with  a  mech¬ 
anical  stirrer  and  a  reflux  condenser  is  charged  with  40.0  g. 
(0.22  mole)  of  p-cyanobenzenesulfonamide  (Note  1),  600  ml.  of 
75%  (v/v)  formic  acid,  and  40  g.  of  Raney  nickel  alloy  (Note  2). 
The  stirred  mixture  is  heated  under  reflux  for  1  hour  (Note  3). 
The  mixture  is  filtered  with  suction  through  a  Buchner  funnel 
coated  with  a  filter  aid  (Note  4),  and  the  residue  on  the  funnel 
is  washed  with  two  160-ml.  portions  of  95%  ethanol.  The  com¬ 
bined  filtrates  are  evaporated  under  reduced  pressure  with  a 
rotary  evaporator  (Note  5).  The  solid  residue  (Note  6)  is  heated 
in  400  ml.  of  boiling  water  and  freed  from  a  small  amount  of 
insoluble  material  by  decantation  through  a  plug  of  glass  wool 
placed  in  a  filter  funnel.  The  filtrate  is  chilled  in  an  ice  bath 
and  the  precipitate  is  collected  by  filtration  with  suction, 
washed  with  a  small  amount  of  cold  water  and  dried  at  50° 
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under  vacuum.  The  crude  product  weighs  about  32  g.,  m.p. 
112-114°. 

The  crude  product  is  dissolved  in  800  ml.  of  hot  95%  ethanol, 
15.5  g.  of  activated  carbon  (Note  7)  is  added,  and  the  mixture  is 
swirled  periodically  while  it  is  allowed  to  cool  for  1  hour.  The 
activated  carbon  is  recovered  by  filtration  with  suction  through 
a  bed  of  filter  aid  (Note  4),  the  filter  cake  is  washed  with  50  ml. 
of  95%  ethanol,  and  the  combined  filtrates  are  evaporated 
under  vacuum  with  a  rotary  evaporator.  The  residue  is  dissolved 
in  225  ml.  of  boiling  water,  and  the  hot  solution  is  decanted 
through  glass  wool  placed  in  a  filter  funnel.  The  filtrate  is 
cooled  to  0°  and  the  product  is  collected  by  filtration  with 
suction,  washed  with  a  small  amount  of  cold  water,  and  dried 
in  a  vacuum  oven  at  50°.  The  yield  of  p-formylbenzenesulfon- 
amide  is  25.6-28.0  g.  (62.9-68.8%),  m.p.  117-118°  (Note  8). 

2.  Notes 

1 .  The  checkers  used  ^-cyanobenzenesulfonamide  purchased 
from  Aldrich  Chemical  Company,  Inc.,  m.p.  167-169°.  The 
submitters  prepared  this  material  according  to  directions  in  the 
literature.  The  diazotization  was  conducted  according  to  ref¬ 
erence  2  and  the  cyanation  step  was  performed  according  to 
reference  3.  The  product  was  crystallized  from  water,  m.p. 
152-154°. 

2.  The  checkers  used  material  purchased  from  Harshaw 
Chemical  Company.  The  submitters  used  nickel-aluminum  alloy 
(50%  Ni,  50%  Al)  supplied  by  British  Drug  Houses  Ltd. 

3.  The  reaction  proceeds  with  some  frothing;  this  is  more 
appreciable  and  vigorous  in  mixtures  containing  a  higher 
proportion  of  water,  for  example,  when  the  reduction  is  con¬ 
ducted  in  50%  formic  acid.4 

4.  Hyflo  Supercel,  a  filter  aid  purchased  from  Johns-Manville 
Corporation,  was  used  by  the  checkers. 

5.  This  procedure  is  to  be  avoided  with  steam-volatile 
aldehydes  (e.g.,  ^-chlorobenzaldehyde)  in  which  case  the 
reduction  product  is  isolated  by  solvent  extraction.4 

6.  The  product  is  contaminated  with  nickel  salts;  its  infrared 
spectrum  showed  little,  if  any,  unchanged  nitrile. 
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7.  Norite  A,  purchased  from  Matheson  Coleman  and  Bell, 
was  used. 

8.  The  melting  point  of  p-formylbenzenesulfonamide  has 
been  reported  as  118-120°, 4,5  122°, 6  and  123-124°. 7 

3.  Discussion 

p-Formylbenzenesulfonamide  has  been  prepared  by  chromic 
acid  oxidation  of  ^-toluenesulfonamide,5  the  Sommelet  reaction 
on  £>-chloromethylbenzenesulfonamide,8  and  by  the  Stephen 
reduction  of  p-cyanobenzenesulfonamide.5  The  present  method 
provides  a  general  procedure  for  the  synthesis  of  substituted 
aromatic  aldehydes  as  illustrated  in  Table  I. 


TABLE  I 

Aldehydes  from  Aromatic  Nitriles4 


Nitrile 

Aldehyde 

Yield,  %a 

c6h5cn 

C6H5CHO 

97 

p-cic6h4cn 

p-cic6h4cho 

100 

p-ch3oc6h4cn 

p-ch3oc6h4cho 

93 

2-C10H7CN 

2-C10H7CHO 

95 

a  Determined  as  the  2,4-dinitrophenylhydrazone  derivative. 


Some  studies  seeking  preferred  conditions  for  this  reaction 
have  been  made.  Optimum  yields  are  obtained  when  the  amount 
of  water  present  is  appreciable,  and  it  was  noted  that  the  rate  of 
hydrogen  evolution  increases  with  increasing  water  content. 
A  75%  formic  acid  system  appears  generally  preferred.  Under 
the  reaction  conditions  examined  by  the  submitters,  olefins, 
ketones,  esters,  amides,  and  acids  are  inert,  but  nitro  compounds 
are  reduced  to  the  formamide  derivative. 

A  related  method  for  the  synthesis  of  aldehydes  from  nitriles 
has  also  been  studied.9  This  method,  which  has  been  found  to 
be  extremely  effective  for  the  reduction  of  hindered  nitriles  to 
aldehydes,  uses  moist,  preformed  Raney  nickel  catalyst  in 
formic  acid.  Compounds  synthesized  by  this  method  are 
illustrated  in  Table  II. 
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TABLE  II 

Aldehydes  from  Nitriles  with  Raney  Nickel  Catalyst 

in  Formic  Acid9 


Nitrile 

Aldehyde 

Yield,  %a 

c6h5cn 

c6h5cho 

72 

o-CH3C6H4CN 

o-CH3C6H4CHO 

65-75 

o-C1C6H4CN 

o-C1C6H4CHO 

70-83 

o-CH3OC6H4CN 

o-CH3OC6H4CHO 

80 

2,6-(CH30)2C6H3CN 

2,6-(CH30)2C6H3CH0 

60-65 

c6h5ch=chcn 

c6h5ch=chcho 

64 

a  Determined  as  the  2,4-dinitrophenylhydrazone  derivative. 


1.  Department  of  Chemistry,  University  of  Witwatersrand,  Johannesburg, 
South  Africa. 

2.  C.  H.  Andrewes,  H.  King,  and  J.  Walker,  Proc.  Boy.  Soc.,  Ser.  B,  133,  20 
(1946). 

3.  R.  C.  Iris,  R.  D.  Leyva,  and  C.  Ramirez ,  Rev.  Inst.  Salubridad  Enfermedades 
Prop.  Me*.,  7,  95  (1946)  [C.A.,  41,  4117g  (1947)]. 

4.  T.  van  Es  and  B.  Staskun,  J .  Chem.  Soc.  (London),  5775  (1965). 

5.  H.  Burton  and  P.  F.  Hu,  J.  Chem.  Soc.  (London),  601  (1948). 

6.  S.  Koizuka  and  K.  Ichiriki,  Japanese  Patent  180,234  (1949)  [ C.A. ,  46, 
5085e  (1952)]. 

7.  T.  P.  Sycheva  and  M.  N.  Shchukina,  Sb.  Statei  Obshch.  Khim.,  1,  527  (1953) 
[C.A.,  49,  932c  (1955)]. 

8.  S.  J.  Angyal,  P.  J.  Morris,  J.  R.  Tetaz,  and  J.  G.  Wilson,  J .  Chem.  Soc. 
(London),  2141  (1950). 

9.  B.  Staskun  and  O.  G.  Backeberg,  J.  Chem.  Soc.  (London),  5880  (1964). 


ALDEHYDES  FROM  2-BENZYL-4,4,6-TRIMETHYL-5,6- 
DIH  YDRO  - 1 ,3  (4H)  -OX  AZINE : 
1-PHENYLCYCLOPENTANECARBOXALDEHYDE 


CH3 


1.  n-C4H9Li 

2.  Br(CH2)4Br 


Submitted  by  Ieva  R.  Politzer  and  A.  I.  Meyers1 
Checked  by  Dennis  R.  Rayner  and  Richard  E.  Benson 


1.  Procedure 

A.  2  -  ( 1  -  Phenylcyclopentyl)-4,  4,  Q-trimethyl-5,  O-dihydro- 
1,  3(4 -H)-oxazine.  A  1-1.  three-necked  flask  is  equipped  with  a 
magnetic  stirring  bar,  a  125-ml.  pressure-equalizing  funnel 
fitted  with  a  rubber  septum,  and  a  nitrogen  inlet  tube.  The 
system  is  flushed  with  nitrogen  and  500  ml.  of  dry  tetrahydro- 
furan  (Note  1),  and  21.7  g.  (0.100  mole)  of  2-benzyl-4,4,6- 
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trimethyl-5, 6-dihydro-l,3(4H)-oxazine  (Note  2)  are  added  to 
the  flask.  The  stirred  solution  is  cooled  to  — 78°  with  a  dry  ice- 
acetone  bath  and  49  ml.  (0.11  mole)  of  a  2.25M  solution  of 
%-butyllithium  in  w-hexane  (Note  3)  is  injected  into  the  addition 
funnel.  The  w-butyllithium  solution  is  added  over  a  period  of 
15  minutes,  and  the  funnel  is  rinsed  by  injecting  5  ml.  of  dry 
tetrahydrofuran.  The  yellow  to  orange  solution  is  allowed  to 
stir  at  — 78°  for  30  minutes  (Note  4). 

1 ,4-Dibromobutane  (23.8  g.,  0.11  mole)  (Note  5)  is  injected 
into  the  addition  funnel  and  then  is  added  to  the  solution  with 
stirring  over  a  period  of  about  15  minutes.  The  funnel  is  rinsed 
by  injection  of  5  ml.  of  dry  tetrahydrofuran,  and  the  reaction  is 
allowed  to  stir  at  —78°  for  45  minutes.  w-Butyllithium  (55  ml., 
0.12  mole)  in  w-hexane  is  injected  into  the  addition  funnel  and 
then  is  added  to  the  solution  over  a  period  of  15  minutes.  The 
reaction  is  stirred  at  —78°  for  1  hour  and  then  is  stored  at 
—  20°  overnight  (Note  6).  The  mixture  is  poured  into  about 
300  ml.  of  ice  water  and  acidified  to  pH  2-3  with  9 N  hydro¬ 
chloric  acid  solution.  The  acidic  solution  is  shaken  with  three 
200-ml.  portions  of  ether,  and  the  ether  extracts  are  discarded. 
The  aqueous  layer  is  made  basic  by  careful  addition  of  40% 
sodium  hydroxide  solution  (Note  7).  The  resulting  mixture  is 
shaken  with  four  200-ml.  portions  of  ether,  and  the  ether 
extracts  are  dried  over  anhydrous  potassium  carbonate.  The 
ether  is  removed  by  distillation  using  a  rotary  evaporator  to 
give  24.4-25.8  g.  (90-95%)  of  crude  2-(l-phenylcyclopentyl)- 
4, 4, 6-trimethyl-5, 6-dihydro- l,3(4H)-oxazine.  The  product  is 
sufficiently  pure  for  use  in  the  following  step. 

B.  2-  (1-  Phenylcyclopentyl)  - 4,4,Q-trimethyltetrahydro -1  ,S-oxa- 
zine.  To  a  600-ml.  beaker  containing  a  magnetic  stirring  bar  are 
added  200  ml.  of  tetrahydrofuran,  200  ml.  of  95%  ethyl  alcohol, 
and  25.0  g.  (0.092  mole)  of  the  oxazine  obtained  in  Part  A. 
The  mixture  is  stirred  and  cooled  to  —35  to  —40°  with  an 
acetone  bath  to  which  dry  ice  is  added  as  needed.  A  9 N 
hydrochloric  acid  solution  is  added  dropwise  to  the  stirred 
solution  until  an  approximate  pH  of  7  is  obtained  as  determined 
by  pH  paper.  A  solution  of  sodium  borohydride  is  prepared  by 
dissolving  5.0  g.  (0.13  mole)  in  a  minimum  amount  of  water 
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(5-8  ml.)  to  which  1  drop  of  a  40%  solution  of  sodium  hydroxide 
is  added  (Note  8).  The  sodium  borohydride  solution  and  9 N 
hydrochloric  acid  solution  are  alternately  added  dropwise  to 
the  stirred  solution  so  that  a  pH  6-8  is  maintained  (Note  9). 
During  the  addition  care  is  taken  to  maintain  a  temperature 
between  —35  and  —45°.  After  addition  of  the  borohydride 
solution  is  complete,  the  solution  is  stirred  at  — 35°  for  1  hour. 
A  pH  of  7  is  maintained  by  occasional  addition  of  a  9 N  hydro¬ 
chloric  acid  solution  (Note  10).  The  reaction  mixture  is  then 
stored  at  —20°  overnight. 

The  reaction  mixture  is  poured  into  300  ml.  of  water,  and  the 
resulting  mixture  is  made  basic  with  40%  sodium  hydroxide 
solution.  The  mixture  is  shaken  three  times  with  200-ml. 
portions  of  ether,  and  the  combined  ether  extracts  are  washed 
with  10  ml.  of  a  saturated  sodium  chloride  solution.  After  drying 
over  potassium  carbonate,  the  ether  is  removed  by  distillation 
with  a  rotary  evaporator.  The  product  weighs  22.9-25.0  g. 
(91-99%)  and  is  used  without  purification  in  the  next  step 
(Note  11). 

C.  1  -Phenylcyclopentanecarboxaldehyde.  The  crude  tetrahy- 
drooxazine  (25.0  g.,  0.092  mole)  from  Part  B  is  heated  at 
reflux  with  300  ml.  of  water  containing  37.8  g.  (0.300  mole)  of 
oxalic  acid  dihydrate  for  3  hours.  The  solution  is  cooled,  and 
the  aldehyde  is  extracted  with  four  150-ml.  portions  of  petro¬ 
leum  ether  (b.p.  40-60°).  The  organic  extracts  are  combined  and 
washed  with  10  ml.  of  saturated  sodium  bicarbonate  solution 
and  dried  with  anhydrous  powdered  magnesium  sulfate.  The 
petroleum  ether  is  removed  by  distillation  with  a  rotary 
evaporator,  and  the  product  is  distilled  through  a  Vigreux 
column  to  give  7. 8-8. 7  g.  (50-55%)  of  1 -phenyl cyclopentane- 
carboxaldehyde,  b.p.  70-73°  (0.1  mm.)  n26  5D  1.5350,  infrared 
spectrum  (neat)  1720  cm.-1  (C=0)  (Note  12). 

2.  Notes 

1.  Tetrahydrofuran  is  dried  by  distillation  from  lithium 
aluminum  hydride.  (See  Org.  Syn.,  46,  105  (1966)  for  warning 
note  regarding  the  purification  of  tetrahydrofuran.) 


1  -PHENYLCY  CLOPENTANECARBOXALDEHYDE  27 

2.  2-Benzyl-4, 4, 6-trimethyl-5, 6-dihydro- 1, 3(4H)-oxazine  is 
available  from  Columbia  Organic  Chemicals  Company,  Inc. 
The  product  was  distilled,  b.p.  80—82°  (0.25  mm.).  It  may  be 
prepared  according  to  a  modification  of  the  method  of  Ritter 
and  Tillmanns.2  To  a  2-1.  flask,  equipped  with  a  thermometer,  a 
stirrer,  and  a  250-ml.  addition  funnel  is  added  200  ml.  of  con¬ 
centrated  sulfuric  acid  (95-98%).  Stirring  is  begun,  the  acid  is 
cooled  to  0-5°  with  an  ice  bath,  and  128.7  g.  (1.1  mole)  phenyl- 
acetonitrile  is  added  from  the  funnel  at  such  a  rate  that  the 
temperature  is  maintained  at  0-5°.  After  the  addition  is  com¬ 
plete,  118  g.  (1.0  mole)  of  2-methyl-2,4-pentanediol  is  added 
at  a  rate  to  maintain  a  temperature  of  0-5°  in  the  reaction 
vessel.  The  mixture  is  stirred  for  an  additional  hour  and  then 
poured  onto  700  g.  of  crushed  ice.  The  aqueous  solution  is 
washed  with  two  75-ml.  portions  of  chloroform,  and  the  extracts 
discarded.  The  aqueous  solution  is  made  alkaline  with  40% 
sodium  hydroxide  solution  with  ice  being  added  periodically 
during  the  neutralization  to  keep  the  solution  temperature 
below  35°.  The  yellow  oil  is  separated,  and  the  aqueous  solution 
is  washed  three  times  with  75-ml.  portions  of  ether.  The  oil 
and  ether  extracts  are  combined,  and  the  solution  is  dried  over 
anhydrous  potassium  carbonate.  The  ether  is  removed  by 
distillation  using  a  rotary  evaporator,  and  the  product  is 
distilled  through  a  25-cm.  Vigreux  column  to  yield  107-115  g. 
(49-53%)  of  2-benzyl-4, 4, 6-trimethyl-5, 6-dihydro- l,3(4H)-oxa- 
zine  as  a  straw-yellow  liquid,  b.p.  78-80°  (0.25  mm.);  n27 d 
1.5085;  infrared  spectrum  (neat)  1660  and  1600  cm.-1,  n.m.r. 
(deuteriochloroform  solvent,  internal  tetramethylsilane  refer¬ 
ence)  1.08  (singlet,  6H),  3.32  (singlet,  2H),  4.04  (multiplet,  1H) 
and  7.08  p.p.m.  (multiplet,  5H). 

3.  w-Butyllithium  in  w-hexane  is  available  from  Lithium 
Corporation  of  America,  Inc. 

4.  If  less  solvent  is  used,  the  anion  may  appear  as  a  yellow 
precipitate,  but  it  is  also  usable  in  this  form. 

5.  1,4-Dibromobutane  was  distilled,  b.p.  40-45°  (0.5  mm.). 

6.  Alternatively,  the  reaction  mixture  may  be  allowed  to 
reach  room  temperature  over  a  period  of  2-3  hours. 
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7.  Ice  may  be  added  to  keep  the  mixture  cool  during  the 
neutralization. 

8.  The  aqueous  borohydride  suspension  is  warmed,  and  the 
borohydride  lumps  crushed  to  achieve  a  homogeneous  solution. 
The  product  available  from  Alfa  Inorganics,  Inc.  was  used  by 
the  checkers. 

9.  It  is  convenient  to  introduce  the  acid  and  hydride  solutions 
from  two  burets  or  dropping  funnels  placed  above  the  beaker. 
A  total  volume  of  about  15  ml.  of  9 N  hydrochloric  acid  solution 
is  required. 

10.  The  reaction  can  be  conveniently  monitored  by  i.r. 
absorption  spectroscopy  by  observing  the  intensity  of  the 
band  at  1650  cm."1  (C=N).  The  submitters  observed  almost 
complete  disappearance  of  this  band  whereas  the  checkers 
found  it  still  present  in  medium  intensity  in  their  product. 
In  those  instances  where  the  a-carbon  bears  three  alkyl  sub¬ 
stituents,  steric  effects  retard  the  rate  of  addition,  and  in  some 
cases  (i.e.,  a,a,a-triethyl  or  larger  groups)  the  C=N  bond  is 
resistant  to  reduction. 

11.  The  intensity  of  the  infrared  band  at  1650  cm.-1  should 
be  weak. 

12.  The  n.m.r.  spectrum  (carbon  tetrachloride  solution, 

internal  tetramethylsilane  reference)  shows  peaks  at  9.3 
(singlet,  1H,  CHO),  7.2  (singlet,  5H,  phenyl),  and  1.5-2. 7  p.p.m. 
(multiplet,  8H,  — (CH2)4— ).  Gas  chromatography  on  a 

240  cm.  X  6  mm.  column  packed  with  10%  SE-30  on  Chromo- 
sorb  P  at  120°  gives  a  single  peak  with  a  retention  time  of  1.3 
minutes. 


3.  Discussion 

This  procedure  illustrates  a  general  method  for  preparing 
a-phenyl  aldehydes.3  Additional  examples  are  given  in  Table  I. 

A  limitation  to  this  reaction  sequence  is  that  the  reduction  of 
the  dihydrooxazine  fails  if  bulky  substituents  are  present. 
Thus  the  alkylated  oxazines  A  and  B  were  not  reduced  under 
the  reaction  conditions  specified  in  this  procedure. 


(A)  (B) 


B 

R 

R' 

Et 

Et 

K-Pr 

n-Pr 

w-Bu 

n-Bu 

Et 
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TABLE  I 

Aldehydes  from  2-Benzyl-4,4,6-Trimethyl-5,6-Dihydro-1,3(4H)- 

Oxazine4-7 


Alkylating  Agent 
CH3I 

CH3I  (2.0  equiv.) 
CH3CH2CH2Br 

CH2=CHCH2Br 

BrCH2CH2Br 


Br(CH2)3Br 


Aldehyde 


C6H5CHCHO 
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ch3 

ch3 

I 

C6H5C-CHO 
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c6h6chcho 


ch2ch2ch3 

c6h5chcdo 
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ch2ch=ch2 
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CHO 
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II 
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Yield,  % 
65 

48 

64 

70a 

57 

49 

54 

63 


a  Reduction  was  performed  with  NaBD4 . 
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This  technique  may  also  be  modified  to  prepare  acetaldehyde 
derivatives  by  use  of  2,4,4,6-tetramethyl-5,6-dihydro-l,3(4H)- 
oxazine3-7  and  2-carboethoxy  acetaldehydes  using  2-(carbo- 
ethoxymethyl)-4, 4, 6-trimethyl-5, 6-dihydro-  l,3(4H)-oxazine. 3 
Functionalized  aldehydes  and  dialdehydes  may  also  be  obtained 
by  suitable  modification.8  Generally,  the  intermediates  can  be 
used  without  purification  and  the  overall  yields  of  the  aldehydes 
range  from  50-70%. 

In  addition  to  the  present  method,  1-phenylcyclopentane- 
carboxaldehyde  has  been  prepared  by  the  reduction  of  N- 
acylaziridines  obtained  from  1-phenylcyclopentanecarboxylic 
acid.9 
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l-d- ALDEHYDES  FROM  ORGANOMETALLIC  REAGENTS: 
l-rf-2-METHYLBUTANAL 
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Submitted  by  G.  E.  Niznik,  W.  H.  Morrison,  III,  and  H.  M.  Walborsky1 
Checked  by  Frank  E.  Herkes  and  Richard  E.  Benson 

1.  Procedure 

A.  1,1, 3, 3- Tetramethylbutyl  isonitrile.  A  3-1.  three-necked 
round-bottomed  flask  is  fitted  with  a  Hershberg  stirrer,  a 
500-ml.  pressure-equalizing  addition  funnel,  and  a  nitrogen  gas 
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inlet  tube.  The  glassware  is  flamed  dry  under  a  nitrogen  atmo¬ 
sphere,  and  the  flask  allowed  to  cool.  The  nitrogen  inlet  tube  is 
replaced  by  a  low-temperature  thermometer,  and  the  nitrogen 
line  is  attached  to  a  Y-tube  placed  on  the  addition  funnel.  To 
the  flask  are  added  118  g.  (0.75  mole)  of  N-(  1,1,3, 3-tetramethyl- 
butyl)-formamide  (Note  1)  and  1500  ml.  of  dimethylformamide 
(Note  2).  The  addition  funnel  is  charged  with  a  premixed 
(Note  3)  solution  consisting  of  89  g.  (55  ml.,  0.75  mole)  of 
thionyl  chloride  and  250  ml.  of  dimethylformamide.  The  flask  is 
immersed  in  a  dry  ice-acetone  bath,  and  moderately  fast  stirring 
is  commenced.  When  the  temperature  of  the  flask  reaches 
—  50°,  the  solution  in  the  funnel  is  added  at  a  rate  such  that  the 
temperature  ranges  between  — 55°  and  — 50°  (about  10  minutes 
are  required  for  the  addition).  After  the  addition  is  complete, 
the  bath  is  removed  momentarily  to  allow  the  reaction  tem¬ 
perature  to  rise  to  —35°.  The  bath  is  then  replaced,  and  159  g. 
(1.50  mole)  of  dry  sodium  carbonate  (Note  4)  is  added  directly 
to  the  mixture  (Note  5).  After  the  addition  the  bath  is  removed 
and  the  flask  contents  are  stirred  for  an  additional  6  hours  at 
room  temperature  (Note  6).  The  reaction  mixture  (Note  7)  is 
poured  into  a  6-1.  Erlenmeyer  flask  containing  3  1.  of  ice  water 
(Note  8).  The  reaction  flask  is  rinsed  with  300  ml.  of  pentane 
and  sufficient  water  to  dissolve  the  inorganic  material  that  may 
be  present  (Note  9).  The  washings  are  added  to  the  Erlenmeyer 
flask.  The  mixture  is  stirred  vigorously  for  5  minutes,  and  the 
layers  are  separated.  The  upper  layer  is  washed  twice  with 
100-ml.  portions  of  water  and  then  is  dried  over  anhydrous 
sodium  sulfate.  The  solution  is  filtered  and  the  pentane  is 
removed  by  distillation.  The  crude  tetramethylbutyl  isonitrile  is 
distilled  through  a  1.5  X  15  cm.  Vigreux  column.  The  fraction 
having  b.p.  55.5—56.5°  (11  mm.)  is  collected,  n30 D  1.4178, 
d25  0.7944.  The  yield  is  86-90  g.  (82-87%).  The  compound 
shows  strong  absorption  in  the  infrared  at  2130  cm.-1  attribut¬ 
able  to  the  isonitrile  function  (carbon  tetrachloride  solution). 
The  n.m.r.  spectrum  (neat,  external  tetramet.hylsilane  reference) 
shows  peaks  at  1.08  (singlet,  9H,  C(CH3)3),  1.43  (triplet, 
J14nh  =  2  Hz.,  6H,  C(CH3)2),  and  1.58  p.p.m.  (triplet, 
J14n_h  =  2.3  Hz.,  2H,  CH2). 
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B.  N -(l-d-2- M ethylbutylidene)-l  ,1 ,3 ,3-tetramethylbutylamine. 
(Note  10).  A  1-1.  three-necked  round-bottomed  flask  is  fitted 
with  a  Teflon  paddle  stirrer,  a  500-ml.  pressure-equalizing 
addition  funnel,  and  a  nitrogen  gas  inlet  tube.  The  glassware  is 
flamed  dry  under  a  nitrogen  atmosphere  and  allowed  to  cool. 
The  nitrogen  inlet  tube  is  replaced  by  a  thermometer,  and  the 
nitrogen  line  is  attached  to  a  Y-tube  placed  on  the  addition 
funnel.  A  solution  of  27.8  g.  (35.1  ml.,  0.2  mole)  of  1, 1,3,3- 
tetramethylbutyl  isonitrile  in  300  ml.  of  anhydrous  ether  is 
added  to  the  flask.  The  flask  is  cooled  to  0°  by  means  of  an  ice- 
salt  bath,  and  0.2  mole  of  sec-butyllithium  in  hexane  (Note  11) 
is  transferred  to  the  addition  funnel  by  means  of  a  syringe.  The 
alkyllithium  solution  is  added  to  the  stirred  (Note  12)  solution 
at  such  a  rate  that  the  temperature  never  exceeds  5°.  After  the 
addition  is  complete,  the  mixture  is  stirred  for  15  minutes  as  the 
temperature  slowly  drops  to  —5°,  and  8  ml.  (0.4  mole)  of 
deuterium  oxide  (Note  13)  is  then  injected  rapidly  into  the 
reaction  mixture  (Note  14).  The  ice  bath  is  removed;  the  mixture 
is  stirred  for  30  minutes  and  then  is  filtered  through  a  Buchner 
funnel  into  a  1-1.  round-bottomed  flask.  The  reaction  flask  is 
rinsed  with  pentane,  and  the  rinse  is  added  to  the  flask.  After 
evaporation  of  the  solvent,  33.7-34.9  g.  (85-88%)  of  the 
aldimine  is  collected  by  distillation  through  a  1.5  X  15  cm. 
Vigreux  column,  b.p.  52.5-54°  (1.5  mm.),  n2i  b d  1.4321.  The 
infrared  spectrum  (neat)  shows  strong  absorption  at  1663  cm.-1 
(C=N). 

C.  l-d-2- Methylbutanal.  A  1-1.  three-necked  round-bottomed 
flask  is  equipped  with  a  dropping  funnel,  a  gas  inlet  tube  for 
steam,  and  a  Dean-Stark  trap  to  which  is  attached  a  condenser 
through  which  acetone  cooled  to  —15°  is  circulated  (Note  15). 
A  solution  of  50.4  g.  (0.40  mole)  of  oxalic  acid  dihydrate  in 
200  ml.  of  water  is  added  to  the  flask,  and  the  solution  is  heated 
at  reflux.  Steam  is  introduced  into  the  flask,  and  when  some 
begins  to  condense  in  the  Dean-Stark  trap,  the  distilled  aldimine 
from  part  B  is  added  dropwise  from  the  funnel.  The  aldehyde 
and  water  collect  in  the  trap,  and  the  water  layer  is  periodically 
removed.  After  the  distillation  of  the  aldehyde  is  complete,  the 
product  is  drained  from  the  trap,  and  the  water  layer  is  separated 
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and  discarded.  The  oil  is  washed  with  three  25-hil.  portions  of  a 
saturated  sodium  chloride  solution  and  then  dried  over  anhy¬ 
drous  calcium  sulfate.  The  crude  aldehyde  is  decanted  from  the 
drying  agent  and  distilled  through  a  short  Vigreux  column  to 
give  13.0-13.3  g.  (87-88%)  of  high-quality  l-d-2-methyl- 
butanal,  b.p.  92-93°,  n30 d  1.3896  (Note  16).  The  infrared 
spectrum  (neat)  shows  strong  adsorption  at  1721  cm.-1 

attributable  to  the  carbonyl  function. 

2.  Notes 

1.  N-(l,l,3,3-tetramethylbutyl)-formamide  is  prepared  in 
86-90%  yield  by  refluxing  194  g.  (1.5  moles)  of  1,1,3,3-tetra- 
methylbutylamine  with  138  g.  (3.0  moles)  of  formic  acid  in 
400  ml.  of  toluene.  Azeotropic  distillation  using  a  Dean-Stark 
trap  gradually  removes  all  water  and  excess  formic  acid.  The 
toluene  is  removed  by  distillation  at  atmospheric  pressure,  and 
the  product  is  distilled  at  reduced  pressure,  b.p.  76-77°  (1  mm.), 
n25r>  1.4521.  The  yield  is  203-214  g.  (86-90%). 

2.  Industrial  grade  dimethylformamide  is  purified  by  dis¬ 
tillation,  first  at  atmospheric  pressure  to  remove  most  of  the 
water  in  the  initial  small  fraction,  and  then  by  distillation  at 
reduced  pressure  from  barium  oxide,  b.p.  63°  (30  mm.). 

3.  A  temperature  rise  of  about  30°  is  observed. 

4.  Commercial  anhydrous  sodium  carbonate  is  dried  in  a 
vacuum  oven  at  130°  for  1  hour. 

5.  The  checkers  used  a  solid  addition  funnel  and  added  the 
sodium  carbonate  under  nitrogen  over  a  10-minute  period. 

6.  The  mixture  can  be  left  stirring  overnight  since  the  iso¬ 
nitrile  is  stable  to  the  reaction  conditions.  Alternatively,  a  hot 
water  bath  can  be  used,  with  very  fast  stirring,  to  heat  the 
mixture  quickly  to  35°.  The  bath  is  then  removed,  and  after  1 
hour  of  additional  stirring,  the  mixture  is  ready  for  the  workup 
procedure. 

7.  Isonitriles  are  presumed  to  be  toxic,  and  it  is  recommended 
that  the  workup  procedure  be  performed  in  a  hood.  Unlike 
most  isonitriles,  however,  1,1,3,3-tetramethylbutyl  isonitrile  is 
not  malodorous.  It  has  a  sweetish  pine  odor,  which  becomes 
unpleasant  only  after  continued  inhalation. 
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8.  The  addition  of  the  reaction  mixture  to  water  is  exothermic. 

9.  The  inorganic  salts  are  not  always  soluble  in  the  amount 
of  water  specified. 

10.  This  procedure  uses  the  commercially  available  sec- 
butyllithium  reagent.  The  submitters  state  that  the  correspond¬ 
ing  Grignard  reagent  may  also  be  used.  A  300-ml.  three-necked 
round-bottomed  flask  is  fitted  with  an  addition  funnel,  a  reflux 
condenser,  a  magnetic  stirring  bar,  and  a  nitrogen  inlet  tube. 
Magnesium  turnings  (3.65  g.,  0.15  mole)  and  80  ml.  of  anhydrous 
tetrahydrofuran  (Note  17)  are  added  to  the  flask,  and  a  nitrogen 
atmosphere  is  maintained.  2-Bromobutane  (20.6  g.,  0.15  mole), 
0.25  ml.  of  ethylene  bromide,  and  70  ml.  of  tetrahydrofuran  are 
placed  in  the  addition  funnel.  Stirring  is  begun,  and  the  solution 
from  the  funnel  is  added  dropwise  at  a  rate  which  sustains 
refluxing.  After  the  addition  is  complete,  the  solution  is  stirred 
until  room  temperature  is  reached.  The  amount  of  Grignard 
reagent  prepared  is  determined  (Note  18).  To  this  Grignard 
solution  is  added  14.2  g.  (0.102  mole)  of  1,1,3,3-tetramethyl- 
butyl  isonitrile  (Note  19).  After  stirring  for  4-6  hours  (Note  20), 
the  solution  is  cooled  in  an  ice  bath  to  0°.  To  the  rapidly  stirred 
solution  (Note  21)  is  injected  6.0  ml.  (0.30  mole)  of  deuterium 
oxide  (Note  13).  The  ice  bath  is  removed,  and  the  mixture  is 
stirred  for  10  minutes,  and  then  50  ml.  of  water  is  added  (Note 
22).  The  contents  of  the  reaction  flask  are  decanted  into  a  1-1. 
separatory  funnel  containing  200  ml.  of  ether.  The  aqueous 
layer  is  separated,  and  the  ether  layer  is  washed  with  100  ml.  of 
saturated  sodium  chloride  solution.  The  magnesium  salts 
remaining  in  the  reaction  vessel  are  washed  twice  with  100-ml. 
portions  of  ether.  The  ether  extracts  are  washed  with  100  ml.  of 
saturated  sodium  chloride  solution.  The  ether  solutions  are 
combined  and  dried  over  anhydrous  sodium  sulfate.  The  solvent 
is  evaporated  with  a  rotary  evaporator  to  give  the  crude  aldi- 
mine.  Distillation  (see  Part  B)  yields  13.7  g.  (67%)  of  the  pure 
aldimine.  Hydrolysis  and  steam  distillation  (as  described  in 
Note  15)  yield  5.85  g.  of  the  aldehyde  in  an  overall  yield  of  65% 
(Note  23). 

11.  The  commerically  available  organolithium  reagent  is 
titrated  with  benzoic  acid  using  triphenylmethane  as  an  indi- 
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cator  according  to  the  procedure  of  Eppley  and  Dixon.2  The 
checkers  used  product  available  from  Alfa  Inorganics,  Inc. 

12.  During  the  addition  of  the  alkyllithium  the  mixture 
becomes  gelatinous.  As  this  happens,  the  stirring  rate  is  increased 
to  ensure  thorough  mixing. 

13.  Deuterium  oxide  having  an  isotopic  purity  of  >99% 
was  used.  The  product  available  from  Columbia  Organic 
Chemicals  Company,  Inc.,  was  used  by  the  checkers. 

14.  The  stirring  should  be  very  rapid  at  this  point  or  frothing 
will  occur.  The  flask  temperature  will  reach  30°  during  deuterio- 
lysis.  It  is  important  that  the  temperature  of  the  ice-salt  bath 
remains  at  — 10°  to  — 15°. 

15.  The  submitters  recommend  the  following  procedure  for 
steam  distillation  of  low-boiling  aldehydes.  A  500-ml.  three¬ 
necked  flask  is  fitted  with  two  addition  funnels,  one  of  which  has 
a  double-bore  stopcock  for  external  drainage.  This  addition 
funnel  is  fitted  with  a  cold  finger  (  —  5°)  and  an  inlet  tube 
leading  to  a  bubbler  and  a  nitrogen  source.  Into  the  other 
addition  funnel  is  placed  the  aldimine.  While  the  aldimine  is 
added  dropwise  to  the  refluxing  oxalic  acid  solution,  the  distillate 
passes  up  the  equalizing  pressure  tube  of  the  collecting  funnel 
and  is  condensed  by  the  cold  finger.  The  water  layer  is  periodic¬ 
ally  drained  back  into  the  flask.  After  distillation,  the  aldehyde 
is  washed  with  saturated  sodium  chloride  solution.  It  is  then 
drained  from  the  funnel  through  the  external  tube. 

16.  The  submitters  found  that  analysis  of  the  undistilled 
aldehyde  by  gas  chromatography  indicated  a  purity  of  98.6%. 
The  analysis  was  conducted  on  a  column  packed  with  16% 
LS-40  on  Chromosorb  P/AW  at  100°.  N.m.r.  analysis  indicated 
an  isotopic  purity  of  97.9%  (trace  of  impurity  at  9.60  p.p.m. 
due  to  C//0,  carbon  tetrachloride  solution,  internal  tetra- 
methylsilane  as  reference).  If  the  crude  aldimine  is  hydrolyzed, 
the  aldehyde  is  obtained  in  96%  overall  yield;  however,  the 
purity  is  only  94%  by  gas  chromatography  analysis.  The 
checkers  found  no  detectable  impurity  by  gas  chromatography 
in  the  distilled  aldehyde,  and  the  n.m.r.  spectrum  indicated 
very  high  isotopic  purity. 

17.  Alkyl  magnesium  halides  form  intermediates  with 
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tetramethy lbutyl  isonitrile  which  are  not  very  soluble  in 
ether.  If  it  is  necessary  to  prepare  the  Grignard  reagent  in 
ether,  the  ether  should  either  be  diluted  with  tetrahydrofuran 
or  replaced  by  tetrahydrofuran.  See  the  warning  note  in 
Org.  Syn.,  46,  105  (1966)  for  purification  of  tetrahydrofuran. 

18.  The  molarity  is  determined3  by  adding  an  excess  of 
standardized  acid  and  back-titrating  with  base.  The  moles  of 
Grignard  reagent  present  are  then  determined  based  on  a 
volume  of  150  ml.  When  ether  is  used  to  prepare  the  Grignard 
reagent,  an  actual  measurement  of  the  volume  is  necessary. 
This  can  be  done  conveniently  by  transferring  the  solution 
back  into  the  addition  funnel  with  a  large  graduated  syringe. 
The  Grignard  reagent  content  averages  0.102  mole. 

19.  The  molar  amount  of  1,1,3,3-tetramethylbutyl  isonitrile 
used  is  equivalent  to  the  Grignard  reagent  content. 

20.  After  4  hours,  periodic  aliquots  are  taken  and  worked  up. 
The  disappearance  of  the  isonitrile  absorption  at  2130  cm.-1 
and  the  appearance  of  the  imine  absorption  at  1665  cm.-1  are 
used  for  analysis.  Usually  within  6  hours  the  isonitrile  peak 
vanishes  or  remains  at  a  very  low  constant  intensity  indicative 
of  completion  of  the  reaction. 

21.  The  sudden  quenching  with  deuterium  oxide  minimizes 
the  exchange  between  the  1-metalloaldimine  and  the  active 
hydrogen  at  the  C-2  position  of  the  already-deuteriated  ald- 
imine.  Performing  the  reaction  in  refluxing  tetrahydrofuran 
produces  an  exchange  (approximately  10%)  with  incorporation 
of  deuterium  in  the  C-2  position.  If  only  the  1-H-aldehyde  is 
desired,  50  ml.  of  water  is  added  dropwise. 

22.  Saturated  ammonium  chloride  solution  slowly  hydrolyzes 
the  aldimine  to  the  aldehyde,  which,  in  this  case,  is  undesirable. 

23.  The  n.m.r.  analysis  shows  that  deuterium  incorporation 
at  the  C-l  position  is  95.3%  and  at  C-2,  5%. 

3.  Discussion 

This  reaction  illustrates  a  general  procedure  for  the  pre¬ 
paration  of  1-d-aldehydes  from  aliphatic  and  alicyclic4  Grignard5 
and  lithium6  reagents.  The  use  of  the  lithium  reagent  is  normally 
preferred  because  of  higher  yields  and  greater  isotopic  purity 
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if  the  1-d-aldehyde  is  desired.  For  the  synthesis  of  aromatic 
aldehydes,  the  use  of  the  lithium  reagent  is  specifically  preferred 
since  aromatic  Grignard  reagents  react  poorly  with  1,1, 3, 3- 
tetramethylbutyl  isonitrile.  The  aldehydes  prepared  by  this 
method  are  illustrated  in  Table  I. 


TABLE  I 

Aldehydes  from  1,1,3,3-Tetramethylbutyl  isonitrile 
and  Organometallic  Reagents 


Organometallic  Reagent 

Aldehyde, 

%  Yield 

n-Butyllithium 

93a 

Phenyllithium 

55a 

sec- B 1 1 ty  1  rnagn es i u rn  bromide 

67  (96b-°) 

f-Butylmagnesium  bromide 

48b 

n-Hexylmagnesium  bromide 

62b 

2-Phenylethylmagnesium  bromide 

63  (80b'c) 

Cyclopentylmagnesium  bromide 

66  (89b'°) 

a  Reference  6. 
b  Reference  5. 

0 Percent  deuterium  at  C-l  as  determined  by  n.m.r. 


The  intermediate  aldimines  can  also  be  alkylated7  or  used  as 
condensing  agents8  by  removal  of  the  a-hydrogen  atom.  The 
metalloaldimine  is  a  useful  intermediate  for  the  preparation 
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of  a-keto  acids,  acyloins,  /Miydroxy  ketones,  and  silyl 
ketones.5,6 
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Submitted  by  D.  Seebach  and  A.  K.  Beck1 
Checked  by  A.  Brossi,  N.  W.  Gilman,  and  G.  Walsh 


1.  Procedure 

A.  2-Tetradecyl-sym-trithiane.  In  a  1-1.  round-bottomed 
flask  with  a  side  arm  and  containing  a  magnetic  stirring  bar  is 
placed  25.0  g.  (0.180  mole)  of  finely  ground,  pure  <syra-trithiane 
(Note  1).  The  flask  is  equipped  with  a  three-way  stopcock  and 
a  rubber  septum  on  the  side  arm.  The  air  in  the  flask  is  replaced 
by  dry  nitrogen  (Note  2).  Tetrahydrofuran  (Note  3)  (350  ml.) 
is  added  by  syringe,  and  the  resulting  slurry  is  stirred  vigorously 
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in  a  cooling  bath  at  -30°  (Note  4).  After  the  addition  of  0.190 
mole  of  w-butyllithium  (1.5-2. 5  molar  in  n-hexane)  (Note  5), 
the  mixture  is  stirred  for  1.5— 2.5  hours,  keeping  the  bath 
temperature  between  — 25°  and  — 15°.  After  this  period  of 
time  the  trithiane  is  dissolved  (Note  6),  and  dry  ice  is  added 
(no  excess!)  to  the  bath  until  the  temperature  is  about  —70°. 
To  this  cooled  solution  is  rapidly  added  50.0  g.  (49.5  ml., 
0.180  mole)  of  1-bromotetradecane  (myristyl  bromide)  (Note  7) 
by  syringe,  and  the  resulting  mixture  is  stirred  overnight, 
during  which  time  the  bath  temperature  rises  to  0—25  ,  and 
a  heavy  colorless  precipitate  separates.  Stirring  is  continued 
for  1  hour  at  room  temperature,  and  the  mixture  is  then  poured 
into  a  2-1.  separatory  funnel  containing  800  ml.  of  water 
and  500  ml.  of  carbon  tetrachloride.  After  shaking,  the  layers 
are  separated  and  the  aqueous  layer  is  shaken  with  two  addition¬ 
al  500-ml.  portions  of  carbon  tetrachloride.  Some  undissolved 
trithiane  is  filtered  from  the  combined  organic  layers,  which  are 
then  washed  with  water,  dried  over  anhydrous  potassium 
carbonate,  and  the  solvent  removed  by  evaporation  to  yield 
54-59  g.  of  crude  solid  2-tetradecyl-syra-trithiane  after  drying 
under  reduced  pressure  (Note  8). 

B.  Pentadecanal  dimethyl  acetal.  The  crude  material  obtained 
from  Part  A  is  placed  into  a  2-1.  three-necked  flask  fitted  with 
an  overhead  stirrer,  a  reflux  condenser  with  drying  tube,  and  a 
stopper.  Methanol  (11.)  (reagent  grade)  is  added,  the  stirrer  is 
started,  and  40  g.  (0.185  mole)  of  mercuric  oxide  and  100  g. 
(0.368  mole)  of  mercuric  chloride  are  introduced.  The  mixture 
is  heated  under  reflux  for  4.5  hours  and  filtered  through  a 
Buchner  funnel  after  cooling.  The  residue  is  washed  with  300  ml. 
of  pentane  (Note  9),  and  the  methanol  and  pentane  filtrates 
are  combined  and  poured  into  1  1.  of  water.  The  layers  are 
separated  and  the  lower  aqueous  layer  is  shaken  with  two  500- 
ml.  portions  of  pentane.  The  combined  organic  layers  are 
quickly  washed  with  10%  ammonium  acetate  solution  (Note  10) 
and  with  water.  The  solution  is  dried  over  sodium  sulfate,  and 
the  pentane  is  evaporated  under  reduced  pressure  to  give 
30.0-32.5  g.  of  the  crude  acetal  as  a  mobile,  slightly  yellow  oil. 

C.  n- Pentadecanal.  The  crude  acetal  from  Part  B  is  dissolved 
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in  600  ml.  of  tetrahydrofuran  and  150  ml.  of  water  containing 
2  g.  of  p-toluenesulfonic  acid  monohydrate  is  added.  The  result¬ 
ing  pale  mixture  is  heated  at  reflux  for  1  hour  and  cooled.  The 
hydrolysate  is  poured  into  600  ml.  of  water  and  extracted  with 
three  300-ml.  portions  of  pentane  (Note  9).  The  colorless  pentane 
extracts  are  combined,  washed  three  times  with  saturated 
sodium  bicarbonate  solution  and  once  with  water,  and  dried 
over  sodium  sulfate.  Evaporation  of  the  solvent  furnishes  an  oil 
which  upon  distillation  under  reduced  pressure  (Note  11) 
yields  18.7-22.5  g.  of  w-pentadecanal,  b.p.  103-106°  (0.2  mm.). 
The  overall  yield  from  1-bromotetradecane  is  47-55%.  The 
product  solidifies  eventually  and  should  be  kept  under  an  inert 
atmosphere  in  the  refrigerator. 


2.  Notes 

1.  It  is  essential  that  the  syra-trithiane  be  of  good  purity. 
Commercial  syra-trithiane  can  be  purified  by  extraction  from  a 
thimble  in  a  hot  extractor  using  300  ml.  of  toluene  for  30  g. 
of  trithiane.  After  cooling  the  extract  to  0°,  sym-trithiane  is 
recovered  by  filtration  and  recrystallized  from  toluene.  In 
one  run  the  checkers  used  syra-trithiane  as  obtained  from 
Eastman  Organic  Chemicals  and  observed  a  10%  decrease  in 
yield  of  w-pentadecanal. 

2.  This  is  done  by  evaporating  and  filling  with  dry  nitrogen 
three  times;  during  the  reaction  a  pressure  of  about  50  mm.  is 
maintained  against  the  atmosphere  using  a  mercury  bubbler. 

3.  Tetrahydrofuran  is  distilled  from  a  blue  solution  of 
benzophenone  ketyl  obtained  by  refluxing  tetrahydrofuran 
in  the  presence  of  sodium  wire,  some  potassium,  and  benzo¬ 
phenone.  See  Org.  Syn.,  46,  105  (1966)  for  a  warning  note 
regarding  the  purification  of  tetrahydrofuran. 

4.  A  2-1.  Dewar  cylinder  was  used. 

5.  The  checkers  used  120  ml.  of  1.6fl#  w-butyllithium  in 
hexane,  obtained  from  Foote  Mineral  Company. 

6.  If  the  trithiane,  apart  from  a  few  crystals,  does  not  dissolve 
entirely,  the  workup  procedure  is  complicated.  The  crude 
tetradecyltrithiane  must  then  be  purified  (by  dissolving  in 
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500  ml.  of  carbon  tetrachloride  at  30°,  filtering,  and  precipitating 
with  1.5  1.  of  methanol)  before  conversion  to  the  acetal. 

7.  Commercial  product  (Aldrich  Chemical  Company,  Inc.,  or 
Matheson  Coleman  and  Bell)  proved  satisfactory  without 
further  purification.  The  purity  should  be  checked  by  refractive 
index  and/or  gas  chromatography. 

8.  The  crude  tetradecyltrithiane  contains  4-6%  of  sym- 
trithiane  and  melts  at  69-71°,  recrystallization  (Note  6)  gives 
pure  product,  m.p.  76.3-76.6°. 

9.  Low-boiling  ligroin  can  be  used  as  well. 

10.  A  white  precipitate  is  formed  during  the  first  and  second 

washing. 

1 1 .  A  short  path  distillation  apparatus  with  a  cold  finger  but 
no  condenser  should  be  used  since  the  product  may  crystallize. 
The  distillation  is  carried  out  under  nitrogen  or  argon  (balloon 
at  capillary). 


3.  Discussion 

The  procedure  described  here  provides  a  convenient  route 
to  aldehydes  with  trithiane  serving  as  an  inexpensive,  “  masked 
carbonyl  group.2-4  The  reaction  is  limited,  however,  to  the  use 
of  primary  alkyl  halides,  aldehydes,  and  ketones  for  elaboration 
of  the  carbon  chain  through  attack  on  the  metallated  trithiane. 
Examples  of  aldehydes  synthesized  by  this  method  are  given 
in  Table  I. 

The  S-acetal  is  converted  to  the  O-acetal  in  anhydrous 
methanol  because  hydrolysis  of  monosubstituted  trithianes  in 
aqueous  methanol  furnishes  a  mixture  of  the  free  aldehyde  and 
its  O-acetal  derivative.  It  is  advantageous  to  store  aldehydes  as 
the  O-acetal  derivatives  since  free  aldehydes  are  susceptible  to 
polymerization  and  oxidation. 

This  method  has  several  common  features  with  the  dithiane 
method5  that  is  useful  for  the  synthesis  of  aldehydes  and 
ketones.4  This  latter  method  is  illustrated  by  the  synthesis 
of  cyclobutanone  (page  76). 

n-Pentadecanal  has  also  been  prepared  by  pyrolysis  of 
a-hydroxy-6  and  a-methoxypalmitic  acid,7  from  a-bromo- 
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palmitic  acid  chloride  and  sodium  azide,1 2 3 4 5 6 7 8  and  from  a-hydroxy- 
palmitic  acid  and  lead  tetraacetate.9 


Table  I 

Aldehydes  from  2-Lithio-1,3,5-Trithiane  and  Alkyl  Halides 


Halide 

2-Alkyl-l,3,5- 
Trithiane 
Yield,  %a,b  c 

Aldehyde  Di¬ 
methyl  Acetal 
Yield,  %a,b 

Aldehyde 

Product  Yield, 

1  -Bromopentane 

96 

66d 

n-Hexanal 

43 

(S)-(  +  )-l-Iodo- 

98 

67d'* 

(S)-(-). 3-Methyl- 

41 

2 -methylbutane 

pentanal 

1  -Bromoheptane 

100 

60d 

n-Octanal 

45 

1  -Bromodecane 

100 

99° 

n -Undecanal 

65 

1-Bromohexa- 

100 

60° 

w-Heptadecanal 

32 

decane 

Benzyl  Bromide 

100 

32d 

Phenylacetaldehyde 

20 

a  Based  on  halide. 

b  Reaction  conducted  on  100  mmoles  scale. 
c  Crude  product. 
d  Distilled  product. 

6  Reaction  conducted  on  5—10  mmoles  scale. 
f  Yield  of  distilled  or  recrystallized  product. 

g  (  +  )-Iodide  with  optical  purity  of  89%  gave  acetal  with  aD  +  7.6°  (neat,  l  =  100  mm.). 
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3.  D.  Seebach  and  D.  Steinmuller,  Angew.  Chem.,  80,  617  (1968);  Angew. 
Chem.  Int.  Ed.  Engl.,  7,  619  (1968). 

4.  D.  Seebach,  Synthesis,  17  (1969);  cf.  D.  Seebach,  Angew.  Chem.,  81,  690 
(1969);  Angew.  Chem.  Int.  Ed.  Engl.,  8,  639  (1969). 

5.  E.  J.  Corey  and  D.  Seebach,  Angew.  Chem.,  77,  1134,  1135  (1965);  Angew. 
Chem.  Int.  Ed.  Engl.,  4,  1075,  1077  (1965). 

6.  See  literature  cited  in  Beilstein,  1,  p.  716,  2nd  Suppl.,  1,  p.  770. 

7.  M.  Prostenik,  N.  Z.  Stanacev,  and  M.  Munk-Weinert,  Croat.  Chem.  Acta, 

34,  1  (1962)  [C.A.,  57,  7910c  (1962)]. 

8.  M.  S.  Newman,  J.  Amer.  Chem.  Soc.,  57,  732  (1935). 

9.  W.  M.  Lauer,  W.  J.  Gensler,  and  E.  Miller,  J.  Amer.  Chem.  Soc.,  63,  1153 
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A.  Neopentyl  iodide 

B.  Iodocyclohexane 

CH3 

I 

A.  CH3CCH2OH  +  CH3I  +  (C6H50)3P - > 

I 

ch3 

ch3 

I 

CH3CCH2I  +  (C6H50)2P0CH3  +  c6h5oh 

I 

ch3 

B.  (C6H50)3P  +  CH3I  - v  [(C6H50)3PCH3]I 

[C6H50)3PCH3]I  +  CeHnOH - > 

C6HuI  +  (C6H50)2P0CH3  +  c6h5oh 

Submitted  by  H.  N.  Rydon1 

Checked  by  W.  Fuhrer,  R.  Keese,  and  A.  Eschenmoser 

Note.  Two  procedures  are  given.  Procedure  A  is  the  simplest 
to  perform,  but  B  is  preferred  for  sensitive  alcohols  and  in  cases 
where  elimination  to  give  olefins  is  expected,  for  example,  with 
all  tertiary  and  many  secondary  alcohols.  Procedure  A  is  best  for 
sterically  hindered  alcohols,  for  example,  neopentyl  alcohol. 


1.  Procedures 

A.  Neopentyl  iodide.  A  500-ml.  two-necked  round-bottomed 
flask  is  fitted  with  a  reflux  condenser  to  which  is  attached  a 
calcium  chloride  drying  tube.  One  hundred  thirty-six  grams 
(115  ml.,  0.44  mole)  of  triphenyl  phosphite,  35.2  g.  (0.4  mole)  of 
neopentyl  alcohol,  and  85  g.  (37  ml.,  0.60  mole)  of  methyl 
iodide  (Note  1)  are  added  to  the  flask,  and  a  thermometer  is 
inserted  that  is  of  sufficient  length  to  extend  into  the  liquid 
contents  of  the  flask.  The  mixture  is  heated  under  gentle  reflux 
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by  means  of  an  electric  heating  mantle  until  the  temperature  of 
the  refluxing  liquid  rises  from  its  initial  value  of  75-80°  to 
about  130°,  and  the  mixture  darkens  and  begins  to  fume.  The 
time  required  is  about  24  hours.  It  is  necessary  to  adjust  the 
heat  input  from  the  mantle  from  time  to  time  as  the  reaction 
proceeds  and  the  rate  of  refluxing  diminishes  (Note  2). 

The  reaction  mixture  is  distilled  under  reduced  pressure 
through  a  13-cm.  Vigreux  column.  The  fraction  boiling  below 
65°  (50  mm.)  is  collected,  washed  with  50  ml.  of  water  and  then 
with  50-ml.  portions  of  cold  IN  sodium  hydroxide  solution 
until  the  washings  no  longer  contain  phenol  (Note  3).  The  pro¬ 
duct  is  washed  again  with  50  ml.  of  water,  dried  over  calcium 
chloride  and  redistilled.  There  is  obtained  51-60  g.  (64-75%)  of 
neopentyl  iodide,  b.p.  54-55°  (55  mm.),  n21  D  1.4882  (Note  4). 


B.  Iodocyclohexane.  A  500-ml.  two-necked  round-bottomed 
flask  is  fitted  with  a  reflux  condenser  to  which  is  attached  a 
calcium  chloride  drying  tube.  To  the  flask  are  added  124  g. 
(107  ml.,  0.4  mole)  of  triphenyl  phosphite  and  85  g.  (37  ml., 
0.6  mole)  of  methyl  iodide  (Note  1),  and  a  thermometer  is 
inserted  that  is  of  sufficient  length  to  extend  into  the  liquid 
contents  of  the  flask.  The  mixture  is  heated  under  gentle 
reflux  by  means  of  a  heating  mantle  until  the  internal  tempera¬ 
ture  has  risen  to  about  120°,  and  the  mixture  is  dark  and  viscous 
(Note  5).  The  flask  is  cooled,  and  40  g.  (0.4  mole)  of  cyclohexanol 
is  added  to  the  oily  methyltriphenoxyphosphorus  iodide.  The 
mixture  is  shaken  gently  until  homogeneous  (Note  6)  and 
allowed  to  stand  overnight  at  room  temperature  (Note  7).  The 
mixture  is  distilled  through  a  13-cm.  Vigreux  column  (Note  8) 
to  give  62.5-63  g.  (74-75%)  of  iodocyclohexane,  b.p.  66-68° 
(12  mm.),  n22 d  1.5475. 

2.  Notes 

1.  The  use  of  1.2  instead  of  1.5  equivalents  of  methyl  iodide 
proved  beneficial  in  some  runs  carried  out  by  the  checkers  in 
which  difficulty  was  experienced  in  reaching  the  recommended 
final  temperature. 
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2.  In  order  to  obtain  the  yields  cited,  it  is  essential  that  the 
reaction  temperature  reaches  the  indicated  final  value,  but 
heating  should  not  be  unnecessarily  prolonged.  The  reaction  is 
conveniently  monitored  by  infrared  spectroscopy.  As  the  reac¬ 
tion  proceeds,  a  broad,  strong  band  at  865  cm. - 1  with  a  shoulder 
at  880  cm.-1  disappears,  and  another  broad,  strong  band  at 
945  cm.-1  and  a  sharp,  medium  band  at  1310  cm.-1  appear. 

3.  Testing  with  ferric  chloride  is  recommended. 

4.  The  product  contains  about  5%  of  Tamyl  iodide  (n.m.r. 
spectrum);  this  is  in  agreement  with  the  finding  of  Kornblum 
and  I  Aland, 2  who  describe  a  simple  way  of  removing  this  im¬ 
purity. 

5.  As  in  procedure  A  the  heat  input  should  be  increased 
from  time  to  time,  and  it  is  essential  to  attain  the  recommended 
final  temperature;  unnecessarily  prolonged  heating  after  this  is 
reached  should  be  avoided  as  the  phosphite  methiodide  de¬ 
composes  at  high  temperatures. 

6.  With  some  alcohols  (e.g.,  cyclohexanol)  there  is  no  appreci¬ 
able  rise  in  temperature,  with  others  (e.g.,  Tamyl  alcohol)  it 
may  be  considerable,  in  which  case  the  mixture  should  be 
cooled  with  water.  In  addition,  there  may  be  an  induction  period 
of  up  to  1  hour. 

7.  The  reaction  may  be  followed  by  infrared  spectroscopy;  a 
strong,  broad  band  at  1040  cm.-1  disappears,  and  a  similar 
band  appears  at  945  cm.'1.  The  reaction  appears  to  be  complete 
after  6  hours. 

8.  It  is  not  necessary  to  remove  phenol  from  the  reaction 
mixture  containing  alkyl  iodides  having  a  boiling  point  well 
below  that  of  phenol.  For  isolation  of  the  higher  boiling  alkyl 
iodides  phenol  should  be  removed  by  dissolving  the  reaction 
mixture  in  ether  (400  ml.)  and  washing  as  in  procedure  A. 


3.  Discussion 

The  methods  described  above  are  applicable  to  almost  any 
alcohol.  Procedure  A  is  best  for  sterically  hindered  alcohols 
and  procedure  B  is  especially  useful  for  sensitive  alcohols  where 
rearrangement  or  alkene  formation  is  likely.  The  submitter’s 
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results  for  the  conversion  of  a  number  of  alcohols  to  the  iodides 
on  a  preparative  scale  are  summarized  in  Table  I. 


TABLE  I 

Iodides  from  Alcohols 


Iodide 


Procedure  Yield,  % 


Boiling  Point,  °C. 


n-Butyl  iodide 

A 

80 

n-Hexyl  iodide 

A 

75 

2-Phenylethyl  iodide 

A 

95 

l,3-Diiodo-2,2-dimethylpropanea 

A 

75 

2-Amyl  iodide 

B 

80 

Ethyl  1-iodopropionate 

B 

90 

126—128°  (760  mm.) 

64- 66°  (15  mm.) 
94-95°  (1.5  mm.) 
70-71°  (0.1  mm.) 
50-52°  (50  mm.) 

65- 66°  (8  mm.) 


a  Reference  3. 


Landauer  and  Rydon* 1 2 3 4  describe  the  application  of  the  method, 
on  a  smaller  scale,  to  numerous  other  iodides;  they  also  prepared 
alkyl  bromides  and  alkyl  chlorides  by  substituting  benzyl 
bromide  and  benzyl  chloride,  respectively,  for  methyl  iodide. 

The  preparation  of  alkyl  iodides  by  the  phosphorus  and  iodine 
method  is  described  in  an  earlier  volume  of  Organic  Syntheses ,5 

1.  Department  of  Chemistry,  The  University,  Exeter  EX4  4QD,  England. 

2.  N.  Kornblum  and  D.  C.  Iffland,  J.  Amer.  Chem.  Soc.,  77,  6653  (1955). 

3.  A.  Campbell  and  H.  N.  Rydon,  J.  Chem.  Soc.  (London),  3002  (1953). 

4.  S.  R.  Landauer  and  H.  N.  Rydon,  J.  Chem.  Soc.  (London),  2224  (1953). 

5.  W.  W.  Hartman,  J.  R.  Byers,  and  J.  B.  Dickey,  Org.  Syn.,  Coll.  Vol.  2, 
322  (1943);  H.  S.  King,  Org.  Syn.,  Coll.  Vol.  2,  399  (1943). 


AMINES  FROM  MIXED  CARBOXYLIC-CARBONIC  ANHYDRIDES: 
1  -PHEN  YLCY  CLOPENTYLAMINE 


COOH 


(C2h5)3n 

cico2c2h5 


0  0 

II  II 

C— 0  — c  — oc2h5 


NaN3 


HC1 


NHyHCl 


NaOH 
- > 


Submitted  by  Carl  Kaiser  and  Joseph  Weinstock1 
Checked  by  A.  Brossi,  R.  A.  Micheli,  and  L.  Portland 


1.  Procedure 

A  1-1.  three-necked  round-bottomed  flask  equipped  with  an 
air  stirrer,  dropping  funnel,  and  low-temperature  thermometer  is 
charged  with  38.0  g.  (0.2  mole)  (Note  1)  of  1-phenylcyclopen- 
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tanecarboxylic  acid  and  150  ml.  of  acetone.  The  mixture  is 
stirred,  and  22.3  g.  (30.6  ml.,  0.22  mole)  of  triethylamine  is 
added  over  5  minutes  (a  2°  rise  in  temperature  is  observed). 
The  solution  is  chilled  to  —5  to  0°  in  an  ice-salt  bath,  and  24.0  g. 
(21.1  ml.,  0.22  mole)  of  ethyl  chlorocarbonate  (Note  2)  in 
50  ml.  of  acetone  is  added  slowly  (25  minutes)  so  as  to  maintain 
the  temperature  between  —5  to  0°.  After  the  addition  is 
complete,  the  cold  mixture  is  stirred  for  an  additional  15  minutes. 
A  solution  of  26.0  g.  (0.4  mole)  of  sodium  azide  in  75  ml.  of 
water  is  then  added  over  a  25-minute  period  while  the  temper¬ 
ature  is  kept  at  — 5  to  0°.  The  mixture  is  stirred  for  30  minutes 
longer  at  this  temperature,  poured  into  750  ml.  of  ice  water,  and 
shaken  with  four  250-ml.  portions  of  toluene  (Note  3).  The 
combined  toluene  extracts  are  dried  over  anhydrous  magnesium 
sulfate  and  transferred  to  a  2-1.  three-necked  round-bottomed 
flask  equipped  with  a  two-necked  Claisen-type  adapter, 
stirrer,  and  reflux  condenser.  The  stirred  solution  is  heated 
cautiously  (Note  4)  under  reflux  for  1  hour  on  a  steam  bath 
(nitrogen  evolution  is  observed  initially).  The  toluene  is  then 
removed  by  distillation  at  50°  by  use  of  a  rotary  evaporator 
attached  to  a  water  aspirator.  The  flask  containing  the  residual 
oily  isocyanate  is  again  fitted  with  the  Claisen-type  adapter, 
stirrer,  and  reflux  condenser.  The  oil  is  stirred,  cooled  in  an  ice 
bath,  and  300  ml.  of  8 N  hydrochloric  acid  solution  (Note  5)  is 
added.  The  cooling  bath  is  removed,  the  stirred  mixture  is 
gradually  heated  on  a  steam  bath  (Note  6)  until  carbon  dioxide 
evolution  has  subsided  (30  minutes),  and  the  solution  is  then 
heated  under  reflux  for  10  minutes.  The  flask  is  evacuated  by 
means  of  a  water  aspirator  and  warmed  in  a  bath  at  50°  for 
about  10  minutes.  About  10-20  ml.  of  distillate  is  collected,  and 
a  crystalline  product  separates  (Note  7).  Ice  water  (200  ml.)  is 
added  to  the  flask  with  cooling  in  an  ice  bath,  and  1  1.  of  2.5 N 
sodium  hydroxide  solution  is  added  slowly  to  pH  12.  The  mixture 
is  shaken  with  three  200-ml.  portions  of  ether,  the  combined 
extracts  are  dried  over  anhydrous  magnesium  sulfate,  and  the 
ether  is  removed  by  distillation  at  50°  by  use  of  a  water  aspirator 
to  yield  29.7  g.  of  an  oil.  Distillation  of  the  crude  product 
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gives  24.5-26.1  g.  (76-81%)  of  1-phenylcyclopentylamine, 
b.p.  112-114°  (9  mm.),  w20-5d  1.5439  (Note  8). 

2.  Notes 

1.  1-Phenylcyclopentanecarboxylic  acid,2'3  m.p.  157-159°, 
was  obtained  from  Aldrich  Chemical  Company,  Inc. 

2.  A  commercial  grade  of  ethyl  chlorocarbonate,  stabilized 
with  calcium  carbonate,  was  employed  without  purification. 

3.  Approximately  3. 6-3. 9  g.  of  1-phenylcyclopentanecarbox- 
ylic  acid  (m.p.  158-159.5°)  can  be  recovered  by  acidification  of 
the  aqueous  solution  which  remains  after  washing  with  toluene. 

4.  Rearrangement  of  the  azide  must  be  carried  out  carefully 
as  the  reaction  is  exothermic,  and  a  large  volume  of  nitrogen 
is  evolved.  The  submitters  have  encountered  no  difficulties  if  the 
described  dilution,  that  is,  0.2  mole  of  azide  in  1  1.  of  toluene,  is 
employed.  The  steam  bath  should  be  replaced  by  a  cooling 
bath  if  the  solution  refluxes  vigorously. 

5.  Approximately  8 N  hydrochloric  acid  solution  was  pre¬ 
pared  by  addition  of  100  ml.  of  water  to  200  ml.  of  37.5% 
hydrochloric  acid. 

6.  Heating  should  be  gradual  and  in  a  large  reaction  vessel 
as  hydrolysis  of  isocyanate  is  accompanied  by  evolution  of 
carbon  dioxide  and  considerable  foaming  may  occur.  If  excessive 
foaming  occurs,  the  steam  bath  should  be  removed. 

7.  The  checkers  carried  the  synthesis  through  to  this  point 
without  interruption.  Since  this  required  about  8  hours  on  the 
scale  described,  the  equipment  and  chemicals  were  made  ready 
the  preceding  day. 

8.  Nuclear  magnetic  resonance  spectrum  (deuteriochloroforin 
solvent,  internal  tetramethylsilane  reference):  multiplet  at 
7.33  p.p.m.  (5H,  aromatic  protons),  broad  singlet  at  1.83  p.p.m. 
(8H,  cyclopentane  protons)  and  singlet  at  1.30  p.p.m.  (2H, 
amino  protons).  The  distilled  product  was  of  high  purity  by  gas 
chromatography  analysis.  A  122  cm.  X  6.4  mm.  o.d.  stainless 
steel  column  containing  3%  SE-30  on  Diatoport  S  (80-100 
mesh)  and  programmed  from  100-200°  at  10°/minute  was  used. 
The  retention  time  is  about  5  minutes. 
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3.  Discussion 

1  -Phenyl cyclopentylamine  has  also  been  prepared  from 
1-phenylcyclopentanecarboxylic  acid  by  means  of  the  Hofmann 
degradation  of  the  intermediate  amide4,5  and  from  the  inter¬ 
mediate  carboxylic  acid  chloride  by  the  Curtius  reaction.6 
In  the  method  described,  using  the  mixed  carboxylic-carbonic 
anhydride,7  improved  yields  of  the  amine  are  obtained. 

The  usual  procedure  of  preparing  acid  azides,  which  involves 
treating  an  acid  chloride  with  sodium  azide,8,9  suffers  from  the 
disadvantage  that  it  is  often  difficult  to  obtain  pure  acid  chlorides 
in  good  yields  from  acids  which  either  decompose  or  undergo 
isomerization  in  the  presence  of  mineral  acids.7  Synthesis  of  the 
azide  by  way  of  the  ester  and  hydrazide10  has  been  used  to 
circumvent  this  difficulty  but  is  much  less  convenient.  The 
present  procedure  permits  ready  formation  of  acid  azides  in 
excellent  yields  from  mixed  carboxylic-carbonic  anhydrides  and 
sodium  azide  under  very  mild  conditions. 

A  possible  limitation  to  this  procedure,  however,  is  that  it  is 
dependent  upon  the  relative  reactivity  of  the  two  carbonyl 
groups  of  the  mixed  carboxylic-carbonic  anhydride  toward  the 
azide  anion.  Although  either  carbonyl  group  may  be  attacked 
by  the  azide  ion,  an  attack  on  the  more  electrophilic  carbonyl 
group  is  usually  strongly  favored  and  high  yields  of  the  acid 
azides  generally  result.  Steric  considerations  may  be  important 
however.  Preference  for  azide  attack  on  even  a  somewhat 
hindered  carboxylic  carbonyl  is  illustrated  by  the  present 
example  in  which  this  group  is  proximal  to  phenyl  and  cyclo¬ 
pentyl  groups. 

This  modification  of  the  Curtius  reaction  has  been  used 
extensively  in  many  laboratories  and  has  been  found  to  be 
generally  applicable.  Some  examples  from  the  literature  include 
the  stereoselective  synthesis  of  a  wide  variety  of  cyclopropyl¬ 
amine  derivatives  from  the  corresponding  acids,11-13  the  stereo¬ 
selective  preparation  of  some  substituted  norbornylamines 
from  easily  isomerized  acids,14  the  preparation  of  some  1- 
aminocyclobutanecarboxylic  acids  from  the  corresponding  acid 
esters,15  the  preparation  of  a  substituted  cyclobutanone  from 
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the  corresponding  cyclobutane-l,l-dicarboxylic  acid  via  the 

I, 1 -diamine, 16  and  the  preparation  of  a  variety  of  heterocyclic 
amines  from  the  corresponding  acids.17-19 

1.  Smith  Kline  and  French  Laboratories,  Philadelphia,  Pennsylvania  19101. 

2.  F.  H.  Case,  J.  Amer.  Chem.  Soc.,  56,  715  (1934). 

3.  J.  W.  Wilt  and  Brother  H.  Philip,  J.  Org.  Chem.,  24,  616  (1959). 

4.  H.  Yoshikawa,  Japanese  Patent  473  (1964)  [C.A.,  60,  10595e  (1964)]. 

5.  A.  Kalir  and  Z.  Pelah,  Isr.  J.  Chem.,  5,  223  (1967)  [C.A.,  68,  39170j  (1968)]. 

6.  P.  M.  G.  Bavin,  J.  Med.  Chem.,  9,  52  (1966). 

7.  J.  Weinstock,  J.  Org.  Chem.,  26,  3511  (1961). 

8.  C.  Naegeli  and  G.  Stefanovitsch,  Helv.  Chim.  Acta,  11,  609  (1928). 

9.  H.  Lindemann,  Helv.  Chim.  Acta,  11,  1027  (1928). 
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(1966). 
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14.  G.  I.  Poos,  J.  Kleis,  R.  R.  Wittekind,  and  J.  D.  Rosenau,  J.  Org.  Chem., 
26,  4898  (1961). 

15.  A.  Burger  and  S.  E.  Zimmerman,  Arzneim.-Forsch.,  16,  1571  (1966). 
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AZIRIDINES  FROM  (3-IODOCARBAMATES : 
l,2,3,4-TETRAHYDRONAPHTHALENE(l,2)IMINE 


Submitted  by  C.  H.  Heathcock1  and  A.  Hassner2 
Checked  by  William  G.  Kenyon  and  Richard  E.  Benson 


1.  Procedure 

To  a  solution  of  25  g.  of  potassium  hydroxide  in  250  ml.  of 
95%  ethanol  in  a  500-ml.  round-bottomed  flask  equipped  with  a 
reflux  condenser  is  added  16.6  g.  (0.05  mole)  of  methyl  (trans- 
2-iodo-l-tetralin)carbamate  (Note  1).  The  resulting  mixture  is 
heated  under  reflux  on  a  steam  bath  for  2  hours,  cooled,  and 
added  to  500  ml.  of  water.  The  clear  yellow  solution  is  shaken 
three  times  with  100-ml.  portions  of  ether.  The  ether  layers  are 
combined  and  washed  three  times  with  125-ml.  portions  of  water 
and  a  single  time  with  125  ml.  of  a  saturated  sodium  chloride 
solution.  The  ether  layer  is  dried  over  5  g.  of  anhydrous  potas¬ 
sium  carbonate.  The  drying  agent  is  removed  by  filtration,  and 
the  ether  is  removed  by  distillation  on  a  steam  bath  to  give  the 
crude  imine  as  a  yellow-brown  oil  (Note  2).  The  oil  is  transferred 
to  a  small  flask,  the  container  is  rinsed  with  ether,  and  the  rinse 
is  added  to  the  distillation  flask.  The  product  is  collected  by 
distillation  through  a  small  Vigreux  column  with  warm  water 
circulating  through  the  condenser  to  prevent  crystallization 
of  the  product.  The  fraction  boiling  at  80-82°  (0.15-0.25  mm.) 
is  collected  as  a  solid  that  forms  in  the  receiver,  m.p.  54-56°. 
The  yield  of  imine  is  4.9-5. 1  g.  (68-70%)  (Note  2).  The  infrared 
spectrum  has  a  band  at  3205  cm.-1  (NH)  (Note  3). 
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2.  Notes 

1.  C.  H.  Heathcock  and  A.  Hassner,  Org.  Syn.,  this  volume, 

p.  112. 

2.  The  submitters  state  that  product  of  m.p.  49-51°  can  be 
obtained  by  direct  crystallization  of  the  oil.  The  oil  from  a  run 
conducted  on  a  scale  twice  that  described  above  is  cooled  to 
- — 15°  and  30  ml.  of  pentane  is  added.  Upon  scratching  the 
flask,  the  product  crystallizes  and  is  collected  by  filtration  and 
washed  with  a  little  cold  pentane.  The  yield  is  9-10  g.  (62-69%), 
m.p.  49-51°. 

3.  The  n.m.r.  spectrum  (carbon  tetrachloride  solution, 
tetramethylsilane  reference)  shows  a  broad  singlet  centered  at 
0.7  p.p.m.  (1H)  and  complex  multiplets  at  1.1-3.05  (6H)  and 
6.76-7.30  p.p.m.  (4H). 


3.  Discussion 

The  procedure  reported  here,  which  is  that  of  Hassner  and 
Heathcock,1 2 3  is  more  convenient  than  the  Wenker  synthesis  of 
aziridines4  and  appears  to  be  more  general.5  It  represents  a 
simple  route  from  olefins  to  aziridines  (via  )3-iodo  carb¬ 
amates).3'5’6 7 8 9  Aziridines  are  also  useful  as  intermediates  in  the 
synthesis  of  amino  alcohols  and  heterocyclic  systems. 5,7-9 
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5.  A.  Hassner  and  C.  Heathcock,  J.  Org.  Chem.,  30,  1748  (1965). 
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7.  H.  W.  Heine,  Angew.  Chem..,  74,  772  (1962);  Angew.  Chem.  Int.  Ed.  Engl., 
1,  528  (1962). 

8.  A.  Hassner,  M.  E.  Lorber,  and  C.  Heathcock,  J .  Org.  Chem.,  32,  540  (1967). 
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1.  Procedure 

A  300-ml.  three-necked  round-bottomed  flask  is  equipped 
with  a  mechanical  stirrer,  a  reflux  condenser,  and  a  pressure¬ 
equalizing  addition  funnel.  The  condenser  is  connected  in 
series  with  two  traps,  immersed  in  liquid  nitrogen,  with  the 
exit  leading  to  a  drying  tube  (Note  1).  A  line  for  dry  nitrogen 
that  has  a  T-tube  joined  to  a  U-tube  containing  mercury  is 
connected  to  the  top  of  the  addition  funnel  (Note  2).  To  the  flask 
are  added  150  ml.  of  purified  dioxane  (Note  3)  and  13.6  g. 
(0.59  g.  atom)  of  freshly  cut  sodium  (Note  4).  The  mixture  is 
heated  to  reflux,  and  the  molten  sodium  is  broken  up  with  the 
stirrer.  To  the  refluxing  dioxane  is  added  20.0  g.  (0.118  mole)  of 
1  -bromo-3-chlorocyclobutane  (Note  5)  in  20  ml.  of  dioxane 
(Note  3)  over  a  1-hour  period  and  refluxing  is  maintained  for 
another  2  hours  (Notes  6  and  7).  The  product  in  the  traps  is 
separated  from  any  dioxane  by  means  of  the  vacuum  manifold 
system  shown  in  Figure  1  (Note  8).  The  two  traps  containing  the 
product  are  cooled  in  liquid  nitrogen  and  connected  to  one  of 
the  stopcocks  on  the  manifold.  A  gas  storage  bulb  (Figure  2)  is 
attached  to  the  other  stopcock.  All  the  stopcocks  are  opened, 
and  the  system  is  evacuated.  The  stopcock  to  the  pump  is  then 
closed,  and  the  liquid  nitrogen  bath  is  removed  from  the  traps 
and  is  used  to  cool  the  gas  storage  bulb.  The  traps  are  warmed 
slightly,  and  the  bicyclobutane  condenses  in  the  storage  bulb, 
leaving  the  dioxane  behind.  The  yield  of  bicyclobutane  is 
5-6  g.  (78-94%)  (Note  9). 
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To  trap 
and  vacuum 
pump 


Figure  1. 


Figure  2.  Gas  storage  bulb. 


2.  Notes 

1 .  Although  the  entire  gaseous  product  is  caught  in  the  first 
trap,  this  trap  tends  to  plug  during  the  reaction.  Therefore,  the 
second  trap  is  used  as  a  safety  measure  to  collect  the  bicyclo- 
butane  as  the  first  trap  is  thawed  to  open  the  system. 


76  cm. 
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2.  It  is  essential  that  a  U-tube  containing  mercury  is  con¬ 
nected  by  a  T-connector  to  the  nitrogen  inlet.  The  U-tube  serves 
to  monitor  the  pressure  on  the  system  and  acts  as  a  safety  valve 
in  the  event  of  a  plugged  trap.  A  slight  positive  pressure  is 
maintained. 

3.  Reagent-grade  dioxane  (2  1.)  is  heated  to  reflux  with  the 
sodium  ketyl  of  benzophenone  prepared  from  10  g.  of  benzo- 
phenone  and  1  g.  of  sodium  until  a  deep  blue  solution  results.  If 
the  color  is  not  developed,  another  portion  of  benzophenone  and 
sodium  is  added  and  the  heating  continued  until  the  color 
persists.  The  peroxide-free  dioxane  is  distilled  from  the  flask 
and  is  used  immediately. 

4.  The  excess  sodium  allows  the  reaction  to  proceed  at  a 
greater  rate  and  decomposes  any  remaining  peroxides  in  the 
dioxane. 

5.  G.  M.  Lampman  and  J.  C.  Aumiller,  Org.  Syn.,  this  volume, 

p.  106. 

6.  The  reflux  rate  and  flow  of  nitrogen  gas  must  be  kept  at  a 
minimum  to  assure  that  the  amount  of  dioxane  carried  over  to  the 
traps  in  liquid  nitrogen  is  kept  as  small  as  possible. 

7.  This  reflux  time  is  a  minimum  since  decreased  yields  were 
observed  when  the  reflux  time  was  shortened.  There  is  no 
increase  in  yield  when  the  refluxing  time  is  increased  to  4  hours. 

8.  The  basic  apparatus  consists  of  a  large  diameter  (about 
25  mm.)  glass  tube  to  which  are  attached  at  least  two  stopcocks, 
a  closed-end  manometer,  and  a  large  stopcock,  which  is  used  to 
isolate  the  manifold  from  the  vacuum  pump. 

9.  The  product,  which  is  about  90%  bicyclobutane  and  10% 
cyclobutene,  is  sufficiently  pure  for  most  purposes.  The  purity 
of  the  product  can  be  determined  by  gas  chromatography 
analysis  at  room  temperature,  using  a  275-cm.-long  column 
containing  20%  ^'-oxydipropionitrile  on  Chromosorb  W 
(45/60).  The  retention  times  are  2.7  and  3.8  minutes  for  cyclo¬ 
butene  and  bicyclobutane,  respectively.  Bicyclobutane  (b.p.  8°) 
can  be  stored  temporarily  in  the  gas  storage  bulb  as  a  liquid  in  a 
dry  ice-acetone  bath  or  for  longer  periods  of  time  in  an  ampoule, 
sealed  under  vacuum,  and  stored  in  a  freezer. 


58 


ORGANIC  SYNTHESES— VOL.  51 


3.  Discussion 

Bicyclobutane  has  been  prepared  by  intramolecular  addition 
of  a  divalent  carbon  to  an  olefinic  double  bond,2  irradiation  of 
butadiene,3  decomposition  of  cyclopropanecarboxaldehyde 
tosylhydrazone,4  and  deamination  of  cyclobutylamine  and 
cyclopropylcarbinylamine.5  The  present  procedure  is  based 
upon  a  published  method.6  This  procedure  gives  the  highest 
yield  of  the  known  methods  and  provides  a  process  for  making 
moderate  quantities  of  material. 

The  procedure  provides  a  good  example  of  a  high-yield 
intramolecular  Wurtz  reaction.  Intermolecular  Wurtz  reactions 
normally  do  not  give  high  yields  of  coupled  products  and  are 
accompanied  by  formation  of  alkenes  and  alkanes  corresponding 
to  the  alkyl  halide.7  In  contrast,  intramolecular  reactions  of 

1.3- dihalides  with  metals  such  as  sodium  are  important  synthetic 
methods  for  making  cyclopropane  derivatives.  Examples  are  the 
reactions  of  sodium  with  pentaerythrityl  tetrabromide  to  give 
spiropentane8  and  of  sodium-potassium  alloy  with  1,3-dibro- 
mohexamethylcyclobutane  to  give  hexamethylbicyclo[  1.1.0]- 
butane.9  If  1,3-dihalides  are  not  used,  the  yields  of  cyclic 
compounds  may  be  considerably  reduced.  Thus  1,4-dibromo- 
butane10  and  3-(bromomethyl)cyclobutyl  bromide11  give  very 
little  cyclobutane  and  bicyclo[l.l.l]pentane,  respectively. 

Metals  other  than  sodium  may  be  considered  for  the  reduction 
in  intramolecular  Wurtz  reactions.11  One  of  the  most  common  of 
these  is  zinc  under  various  reaction  conditions.  Examples  of  use 
of  this  reagent  that  have  resulted  in  high  yields  of  cyclopropane 
and  derivatives  of  cyclopropane  include  cyclopropane  from 

1.3- dichloropropane,12  spiropentane  from  pentaerythrityl  tetra¬ 
bromide  in  the  presence  of  a  chelating  agent,13  spiro[2.5]octane 
from  l,l-bis-(bromomethyl)cyclohexane,14  and  1,1-dialkyl- 
cyclopropanes  from  l,3-dibromo-2,2-dialkylpropanes.14  How¬ 
ever,  l-bromo-3-chlorocyclobutane  yields  no  bicyclobutane  on 
reaction  with  zinc,6  even  in  the  presence  of  a  chelating  agent. 
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Washington  98225. 
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1.  Procedure 

A.  ea;o- 3 , 4- Diehl orobicyclo[3 .2.1  ]od-2-ene .  A  1-1.  four-necked 
round  bottomed  flask  is  fitted  with  an  efficient  stirrer,  a  thermo¬ 
meter,  a  reflux  condenser  protected  by  a  calcium  chloride  tube, 
and  a  500-ml.  stoppered  addition  funnel  equipped  with  a 
pressure-equalizing  side  tube.  After  the  addition  of  a  solution  of 
52.5  g.  (0.56  mole)  of  norbornene  (Note  1)  in  400  ml.  of  petroleum 
ether  (Note  2,  b.p.  45-60°)  to  the  flask,  112  g.  (2.06  moles)  of 
sodium  methoxide  (Note  3)  is  added,  and  stirring  is  begun.  The 
flask  is  immersed  in  an  ice-salt  mixture  (Note  4).  Three  hundred 
forty-nine  grams  (1.8  moles)  of  ethyl  trichloroacetate  (Note  5)  is 
placed  in  the  addition  funnel  and  allowed  to  drip  slowly  into  the 
stirred  mixture  at  a  rate  such  that  the  temperature  does  not 
rise  above  0°  (Note  6).  The  addition  requires  about  4  hours, 
and  the  originally  white  reaction  mixture  becomes  increasingly 
yellow  in  color.  The  mixture  is  stirred  at  a  temperature  below 
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0°  for  4  hours  (Note  6),  and  then  the  temperature  is  allowed  to 
rise  gradually  to  room  temperature  overnight.  The  reaction 
mixture  is  poured  onto  a  mixture  of  500  g.  of  crushed  ice  and 
300  ml.  of  water.  After  the  ice  has  melted,  the  organic  layer  is 
separated,  and  the  aqueous  layer  is  shaken  with  four  200-ml. 
portions  of  ether.  The  aqueous  layer  is  neutralized  with  10% 
hydrochloric  acid  and  is  shaken  again  with  two  200-ml. 
portions  of  ether.  The  original  organic  layer  and  the  ether 
extractions  are  combined,  washed  with  300  ml.  of  a  saturated 
solution  of  sodium  chloride,  and  dried  for  6  hours  over  20  g.  of 
anhydrous  magnesium  sulfate.  The  drying  agent  is  removed  by 
filtration,  and  the  solution  is  concentrated  to  about  200  ml.  by 
distillation.  The  resulting  product  is  distilled  through  a  20-cm. 
Vigreux  column  to  give  72.5-87.0  g.  (74-88%)  of  exo- 3,4- 
dichlorobicyclo[3.2.1]oct-2-ene  as  a  colorless  liquid,  b.p.  72-73° 
(0.9  mm.),  n25 D  1.5333  (Notes  7  and  8). 

B.  3-Chlorobicydo[3.2.l]od-2-ene.  To  a  2-1.  three-necked 
round-bottomed  flask  equipped  with  a  stirrer,  a  reflux  con¬ 
denser  protected  by  a  calcium  chloride  tube,  and  a  500-ml. 
stoppered  addition  funnel  equipped  with  a  pressure-equalizing 
tube  is  added  350  ml.  of  dry  edier  and  15  g.  (0.396  mole)  of 
powdered  lithium  aluminum  hydride  (Note  9).  The  flask  is 
placed  in  a  mixture  of  ice  and  water,  and  1050  ml.  of  dry  tetra- 
hydrofuran  (Note  10)  is  added.  Stirring  is  begun,  and  a  solution 
of  39.5  g.  (0.224  mole)  of  exo-3,4-dichlorobicyclo[3.2.1]oct-2- 
ene  in  50  ml.  of  dry  tetrahydrofuran  (Note  10)  is  added  dropwise 
from  the  addition  funnel  over  a  30-minute  period.  After  the 
addition  is  complete,  the  reaction  mixture  is  heated  under  gentle 
reflux  for  18  hours.  The  mixture  is  then  cooled  to  0°,  and  the  re¬ 
maining  lithium  aluminum  hydride  is  decomposed  by  the  careful 
addition  of  wet  ether  followed  by  the  cautious  dropwise  addition  of 
10  ml.  of  water.  The  resulting  mixture  is  poured  onto  a  mixture 
of  500  g.  of  crushed  ice  and  200  ml.  of  water.  After  the  ice  has 
melted,  the  organic  layer  is  separated,  and  the  aqueous  layer 
is  acidified  to  a  pH  of  5-6  with  10%  hydrochloric  acid  so¬ 
lution  to  dissolve  the  lithium  and  aluminum  salts  present 
(Note  11).  The  aqueous  solution  is  shaken  five  times  with  200-ml. 
portions  of  ether.  The  organic  layers  are  combined  and  washed 
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with  200  ml.  of  a  saturated  solution  of  sodium  chloride  and  dried 
overnight  over  20  g.  of  anhydrous  magnesium  sulfate.  The  ether 
and  tetrahydrofuran  are  removed  by  distillation  at  atmospheric 
pressure,  and  the  product  is  distilled  through  a  20-cm.  Vigreux 
column  to  give  23.5-23.9  g.  (74-75%)  of  3-chlorobicyclo[3.2.1]- 
oct-2-ene  as  a  colorless  oil,  b.p.  76-77°  (21  mm.),  w20d  1.5072 
(Note  12). 

C.  Bicyclo[3.2.1]octan-3-one.  A  magnetic  stirring  bar  is  placed 
in  a  300-ml.  round-bottomed  flask  and  100  ml.  of  concentrated 
sulfuric  acid  (Note  13)  is  added.  Stirring  is  begun,  the  flask  is 
cooled  in  an  ice  bath,  and  9.0  g.  (0.63  mole)  of  3-chlorobicyclo- 
[3.2.1]oct-2-ene  is  added  in  one  portion.  The  mixture  is  stirred 
and  allowed  to  warm  slowly  over  4  hours  to  room  temperature 
and  then  stirred  overnight.  The  resulting  solution  is  poured 
onto  200  g.  of  ice  with  stirring.  After  the  ice  has  melted,  the 
mixture  is  shaken  with  three  100-ml.  portions  of  ether.  The  ether 
layers  are  combined,  washed  once  with  50  ml.  of  water,  and 
dried  over  10  g.  of  magnesium  sulfate.  The  ether  is  removed  by 
careful  distillation,  and  the  crude  product  is  sublimed  at  a  bath 
temperature  of  70°  (15  mm.)  directly  onto  a  cold  finger  inserted 
into  the  flask.  The  crude  product  is  twice  sublimed  to  give 
5. 9-6. 3  g.  (75-81%)  of  bicyclo[3.2.1]octan-3-one,  m.p.  137°,  of 
98%  purity  as  judged  by  gas  chromatography  analysis  (Notes 
14,  15,  and  16). 


2.  Notes 

1.  Norbornene  can  be  prepared  by  the  Diels-Alder  reaction  of 
ethylene  with  dicyclopentadiene.2 3 4 5  It  can  be  purchased  from 
Matheson  Coleman  and  Bell  or  the  Aldrich  Chemical  Company, 
Inc. 

2.  The  petroleum  ether  used  must  be  olefin-free. 

3.  The  submitters  used  sodium  methoxide  available  from 
Schuchardt,  Ainmillerstrasse  25,  8-Munich  13,  Germany.  The 
checkers  used  product  available  from  Matheson  Coleman  and 

Bell. 

4.  An  amount  sufficient  to  fill  a  5-1.  container  is  recommended. 

5.  It  is  used  as  purchased  from  either  Schuchardt  or  Eastman 
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Organic  Chemicals.  It  appears  that  when  equimolar  amounts  of 
carbene  precursor  and  olefin  are  used,  the  adduct  is  obtained 
in  only  25%  yield.5 

6.  Efficient  stirring  and  maintenance  of  a  low  temperature 
are  required  if  high  yields  are  to  be  obtained. 

7.  For  the  final  distillation  the  pressure  is  regulated  by  means 
of  a  manostat. 

8.  The  infrared  spectrum  (neat)  shows  absorption  at  1645, 
1450,  1305,  1223,  1052,  974,  959,  866,  796,  and  750  cm.-1. 
The  n.m.r.  spectrum  (carbon  tetrachloride  solution,  tetra- 
methylsilane  reference)  shows  absorption  at  6.08  (doublet, 
J  ~  7.0  Hz.)  and  4.1  p.p.m.  (doublet,  J  ~  3  Hz.)  attributable  to 
the  vinyl  and  allyl  protons,  respectively. 

9.  This  was  purchased  from  Metal  Hydrides,  Inc.,  and  is 
also  obtainable  from  Schuchardt. 

10.  The  checkers  used  reagent-grade  tetrahydrofuran  (avail¬ 
able  from  Fisher  Scientific  Company)  from  a  freshly  opened 
bottle.  The  submitters  used  tetrahydrofuran  purified  as  de¬ 
scribed  in  L.  F.  Fieser,  “Experiments  in  Organic  Chemistry,” 
3rd  ed.,  Revised,  D.  C.  Heath  and  Co.,  Boston,  1957,  p.  292. 
(See  Org.  Syn.,  46,  105  (1966)  for  a  warning  regarding  the 
purification  of  tetrahydrofuran.) 

11.  A  small  amount  of  insoluble  material  may  remain  at  this 
point.  If  it  interferes  with  the  extraction  procedure  it  may  be 
removed  by  filtration. 

12.  The  infrared  spectrum  (neat)  shows  absorption  at  1635, 
1440,  1038,  952,  841,  833,  and  685  cm.-1.  The  n.m.r.  spectrum 
(carbon  tetrachloride  solution,  tetramethylsilane  reference)  has 
a  doublet  at  5.91  p.p.m.  (J  ~  7.0  Hz.)  due  to  the  vinyl 
proton  and  three  major  peaks  in  the  2. 0-2. 8  p.p.m.  region. 

13.  Sulfuric  acid  of  specific  gravity  1.84  is  used. 

14.  The  infrared  spectrum,  determined  in  nujol,  has  an 
intense  band  at  1710  cm.-1.  The  n.m.r.  spectrum  (deuterio- 
chloroform  solution,  tetramethylsilane  reference)  has  a  broad 
peak  at  1.7  p.p.m.  (6H),  a  sharp  peak  at  2.35  p.p.m.  (4H)  and  a 
broad  peak  at  2.55  p.p.m.  (2H). 

15.  The  gas-chromatography  data  were  obtained  using 
3  m.  X  7  mm.  column  packed  with  nonacid- washed  Chromosorb 
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45/60  W  containing  15%  200M  Apiezon  silicone  oil  as  the  im¬ 
mobile  phase. 

16.  The  oxime  has  m.p.  96°.  The  ketone  can  be  further 
purified  by  means  of  the  semicarbazone  derivative,  which  can 
be  purified  by  crystallization  and  subsequently  hydrolyzed  by 
dilute  hydrochloric  acid. 


3.  Discussion 

Studies  by  the  submitters  have  indicated  that  the  procedure 
reported  here  is  the  preferred  method  for  the  preparation  of 
bicyclo[3.2.1]octan-3-one.  It  employs  readily  available,  in¬ 
expensive  reagents,  and  the  overall  yield  is  good.  In  addition, 
the  method  can  be  used  for  the  synthesis  of  the  difficultly 
accessible  next  higher  homologues  of  bicyclo[2.2.2]oct-2-ene 
as  well  as  for  derivatives  of  norbornene.  Bicyclo[3.2.2]nonan-3- 
one  and  l-methylbicyclo[3.2.1]octan-3-one  have  been  prepared 
by  a  similar  route6  in  60%  and  47%  yields,  respectively  (based 
on  adduct).  However,  the  preferred  procedure  for  the  formation 
of  the  dichlorocarbene  adduct  of  bicyclo[2.2.2]oct-2-ene  is  that 
of  Seyferth  using  phenyltrichloromethylmercury.  Even  in  this 
case  the  overall  yield  is  moderate  (37%). 

The  present  procedure  is  a  refinement  of  existing  methods.6-9 
It  is  an  adaption  of  the  method  of  Parham  and  Schweizer10 
and  furnishes  the  carbene  adduct  in  higher  yield  than  other 
methods.  The  submitters’  studies  indicate  that  the  procedure  of 
Doering,11  involving  the  interaction  of  chloroform  with  potas¬ 
sium  Tbutoxide,  is  unsatisfactory  since  traces  of  f-butanol 
present  react  with  the  rearranged  adduct  during  the  reduction 
step.  In  addition,  the  yields  of  adduct  are  poor  (4-15%). 5  The 
method  of  Wagner,12  utilizing  the  pyrolysis  of  sodium  tri- 
chloroacetate,  is  easy  to  perform,  but  the  yields  of  initial  adduct 
are  poor  (13%).  That  of  Seyferth13  involving  the  pyrolysis  of 
phenyltrichloromethylmercury  gives  the  adduct  in  45%  yield. 
However,  the  higher  cost  and  additional  steps  entailed  in  the 
preparation  of  the  reagent,  together  with  the  hazards  associated 
with  employing  mercury,  detract  from  its  use. 

Other  preparations  leading  to  bicyclo[3. 2.  l]octan-3-one  include 
the  oxidation  of  the  mixture  of  alcohols  obtained  by  the  action 
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of  nitrous  acid  on  2-aminomethylnorbornane,14  the  chromic 
acid  oxidation  of  bicyclo[3.2.1]octane,15  and  the  oxidative 
hydroboration  of  bicyclo[3.2.1]oct-2-ene.16  These  reactions 
lack  preparative  utility  and  all  have  a  common  disadvantage 
of  being  accompanied  by  isomer  formation. 


1.  Chemistry  Department,  Temple  University,  Philadelphia,  Pennsylvania 
19122. 

2.  Present  address:  Departement  de  Chimie  Organique,  Ecole  de  Chimie,  1211 
— Geneve — 4.  Suisse. 

3.  Departement  de  Chimie  Organique,  Faculte  des  Sciences  (St.  Charles), 
Universite  d’Aix-Marseille,  France. 

4.  J.  Meinwald  and  N.  J.  Hudak,  Org.  Syn.,  37,  65  (1957). 

5.  R.  C.  DeSelms  and  C.  M.  Combs,  J .  Org.  Ohem.,  28,  2206  (1963). 
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87,  2183  (1965). 

7.  C.  W.  Jefford,  Proc.  Chem.  Soc.  (London),  64  (1963). 

8.  B.  Waegell  and  C.  W.  Jefford,  Bull.  Soc.  Chim.  Fr.,  844  (1964). 

9.  W.  R.  Moore,  W.  R.  Moser,  and  J.  E.  LaPrade,  J.  Org.  Chem.,  28,  2200 
(1963). 

10.  W.  E.  Parham  and  E.  E.  Schweizer,  J.  Org.  Chem.,  24,  1733  (1959). 

11.  W.  von  E.  Doering  and  A.  K.  Hoffmann,  J .  Amer.  Chem.  Soc.,  76,  6162 
(1954). 

12.  W.  M.  Wagner,  H.  Kloosterziel,  and  S.  van  der  Ven,  Reel.  Trav.  Chim. 
Pays-Bas,  80,  740  (1961). 

13.  T.  J.  Logan,  Org.  Syn.,  46,  98  (1966). 

14.  K.  Alder  and  R.  Reubke,  Chem.  Ber.,  91,  1525  (1958). 

15.  P.  von  R.  Schleyer  and  R.  D.  Nicholas,  Abstracts  of  Papers,  75Q,  Division 
of  Organic  Chemistry,  140th  Meeting,  ACS,  Chicago,  Ill.,  September  1961. 

16.  R.  R.  Sauers  and  R.  J.  Tucker,  J.  Org.  Chem.,  28,  876  (1963). 


2-BORNENE 


(Bornylene;  l,7,7-Trimethylbicyclo[2.2.1]hept-2-ene) 


ch3 


CH3Li 


N2  +  CH4 


Submitted  by  Robert  H.  Shapiro  and  J.  H.  Duncan1 
Checked  by  Robert  Czarny  and  Robert  E.  Ireland 


1.  Procedure 

In  a  dry  1-1.  three-necked  flask,  fitted  with  a  reflux  condenser 
protected  with  a  calcium  sulfate-containing  drying  tube,  a 
250-ml.  pressure-equalizing  dropping  funnel,  and  containing  a 
magnetic  stirring  bar,  are  placed  32  g.  (0.1  mole)  of  camphor 
tosylhydrazone  (Note  1)  and  400  ml.  of  dry  ether  (Note  2). 
The  flask  is  immersed  in  a  cold-water  bath  (20-25°),  and  the 
contents  stirred  magnetically.  About  50  ml.  of  dry  ether  is 
placed  in  the  dropping  funnel,  and  the  addition  rate  is  set  at 
2-3  ml. /minute  (Note  3).  After  this  addition  150  ml.  of 
1.6A  (0.24  mole)  methyllithium  (Note  4)  in  ether  is  added  to  the 
dropping  funnel  and  allowed  to  drop  into  the  reaction  flask 
during  1  hour  (Note  5),  while  the  cooling  bath  temperature  is 
maintained  at  20-25°.  The  yellow-orange  solution  is  stirred  for 
8-9  hours,  during  which  time  lithium  p-toluenesulfinate  precip¬ 
itates,  and  the  solution  develops  a  deep  red-orange  color.  A 
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small  amount  of  water  is  carefully  added  to  destroy  the  excess 
methyllithium,  and  then  an  additional  200  ml.  is  added.  The 
layers  are  separated,  the  organic  phase  is  washed  four  times  with 
250-ml.  portions  of  water,  and  the  combined  aqueous  phases 
are  shaken  twice  with  100-ml.  portions  of  ether.  After  drying  the 
combined  ethereal  extracts  over  anhydrous  sodium  sulfate,  the 
volume  of  the  solution  is  reduced  to  50-60  ml.  by  distillation  of 
the  ether  through  a  25-cm.  Vigreux  column  with  gentle  boiling 
on  a  steam  bath.  To  the  resulting  orange  solution  is  added  100  ml. 
of  dist  illed  pentane  (Note  6),  and  the  solvent  is  again  gently  boiled 
away  to  reduce  the  volume  to  30-50  ml.  The  addition  and  remov¬ 
al  of  pentane  are  repeated  two  additional  times  to  assure  the 
complete  removal  of  ether,  and  then  the  final  volume  of  the 
solution  of  2-bornene  is  reduced  to  about  30-40  ml.  The  solution 
is  added  to  an  80  x  5  cm.  chromatography  column  containing 
500  g.  of  alumina  (Note  7),  and  the  product  is  eluted  with  750  ml. 
of  pentane.  After  concentration  of  the  eluate  by  distillation  of 
the  solvent  through  a  Vigreux  column,  the  residue  is  trans¬ 
ferred  to  a  50-ml.  flask  and  distilled  through  a  U-tube  with  the 
aid  of  an  oil  bath  and  a  heating  lamp  (Note  8).  After  collecting  a 
fore-run  (pentane  and  2-bornene),  2-bornene  is  collected  in  a 
cooled  flask  (Note  9)  as  colorless  crystals.  The  yield  of  2-bornene 
is  8. 5-8. 8  g.  (63-65%),  m.p.  110-111°  (reported2:  109-110°). 
Gas  chromatographic  analysis3  shows  this  product  is  98-99% 
pure  and  contains  no  camphene  or  tricyclene  (Note  10). 


2.  Notes 

1.  Camphor  tosylhydrazone4  is  prepared  in  the  following 
manner.  To  a  1-1.  one-necked  round-bottomed  flask  are  added 
44  g.  (0.24  mole)  of  p-toluenesulfonylhydrazide,5  31.6  g. 
(0.20  mole)  of  camphor,  and  300  ml.  of  95%  ethanol.  One  milli¬ 
liter  of  concentrated  hydrochloric  acid  is  added,  and  the  flask  is 
fitted  with  a  reflux  condenser.  The  solution  is  heated  under 
reflux  for  2  hours.  The  resulting  solution  is  cooled  in  an  ice 
bath,  and  the  colorless  needles  are  collected  by  suction  filtration 
and  dried  in  air  (Note  11).  Recrystallization  from  ethanol  yields 
50  g.  (73%)  of  pure  camphor  tosylhydrazone,  m.p.  163-164°. 
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2.  Anhydrous  ether  available  from  Mallinckrodt  Chemical 
Works  can  be  used  without  further  drying. 

3.  This  prevents  clogging  of  the  funnel  during  the  subsequent 
addition  of  methyllithium  solution. 

4.  Methyllithium  available  from  either  Foote  Mineral 
Company  or  Alfa  Inorganics,  Inc.  can  be  used  without  further 
purification.  The  checkers  used  137  ml.  of  a  1.8571/  solution. 

5.  During  the  first  half  of  the  addition  each  drop  of  methyl¬ 
lithium  solution  produces  a  yellow  color  that  quickly  disappears. 
The  solution  turns  yellow  during  the  second  half  of  the  addition 
and  slowly  becomes  more  intensely  colored  until  it  reaches 
red-orange  near  the  end  of  the  reaction  period. 

6.  Since  the  solvent  is  never  completely  removed  at  any  time 
prior  to  final  distillation  of  the  product,  the  accumulation  of 
higher  boiling  hydrocarbons  results  if  petroleum  ether  is  used. 
As  a  result  the  fore-run  of  the  final  distillation  will  be  larger, 
and  the  yield  of  2-bornene  will  be  reduced.  The  pentane  was 
distilled  to  assure  the  removal  of  any  higher  boiling  impurities. 

7.  Neutral,  reagent-grade  aluminum  oxide  available  from 
Merck  &  Co.,  Inc.  was  used  by  the  checkers. 

8.  When  the  temperature  of  the  bath  reaches  140-143°,  the 
heating  lamp  is  turned  directly  on  the  U-tube,  and  the  receiver 
is  changed  to  collect  the  2-bornene. 

9.  The  yield  of  the  product  is  greatly  reduced  if  the  receiver 
is  not  cooled.  A  dry  ice-isopropyl  alcohol  bath  was  used. 

10.  On  a  180  cm.  x  32  mm.  gas  chromatography  column 
containing  10%  Apiezon  L  on  Chromosorb  P  at  60°  a  synthetic 
mixture  of  2-bornene  (10.3  minutes),  tricyclene  (12.3  minutes), 
and  camphene  (15.5  minutes)  was  readily  resolvable. 

11.  The  product  has  m.p.  161-163°  and  can  be  used  without 
further  purification. 


3.  Discussion 

2-Bornene  has  been  prepared  from  the  reaction  of  2-bromo- 
bornane-3-carboxylic  acid  with  aqueous  sodium  bicarbonate,6 
by  pyrolysis  of  isoborneol  methyl  xanthate,7  and  by  the 
^-elimination  of  hydrogen  chloride  from  bornyl  chloride  with 
sodium  alkoxides  in  various  solvents.2 
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This  procedure  appears  to  be  general  for  the  preparation, 
without  rearrangement,  of  lesser  substituted  olefins.  2-Methyl- 
cyclohexanone  tosylhydrazone  gives  3-methylcyclohexene  (98% 
yield  by  gas  chromatography  analysis).1 2 3 4 5 6 7 8  Cholestan-6-one  tosyl¬ 
hydrazone  gives  A6-cholestene  (95%  isolated  yield),  androstan- 
17-one  tosylhydrazone  gives  A16-androstene  (91%  isolated 
yield),8  and  phenylacetone  tosylhydrazone  gives  allylbenzene 
(70%  yield  by  gas  chromatography  analysis,  accompanied  by 
the  substitution  product  isobutylbenzene  in  30%  yield). 
Another  advantage  of  this  procedure  is  its  simplicity  and  the  use 
of  readily  available  carbonyl  compounds  as  precursors.  The 
reaction  proceeds  smoothly  but  more  slowly  at  —25°  and  can 
be  employed  with  heat-sensitive  or  volatile  compounds  in 
ordinary  laboratory  equipment. 

1.  Department  of  Chemistry,  University  of  Colorado,  Boulder,  Colorado  80302. 

2.  (a)  H.  Meerwein  and  J.  Joussen,  Ber.,  55,  2529  (1922);  (b)  M.  Hanack  and 
R.  Hahnle,  Chern.  Ber.,  95,  191  (1962);  (c)  L.  Borowiecki  and  Y.  Chretien- 
Bessiere,  Bull.  Soc.  Chim.  Fr.,  2364  (1967). 

3.  W.  J.  Zubyk  and  A.  Z.  Conner,  Anal.  Chem.,  32,  912  (1960). 

4.  W.  R.  Bamford  and  T.  S.  Stevens,  J.  Chem.  Soc.  {London),  4735  (1952). 

5.  L.  Friedman,  R.  L.  Litle,  and  W.  R.  Reichle,  Org.  Syn.,  40,  93  (1960). 

6.  J.  Bredt  and  H.  Sandkuhl,  Justus  Liebigs  Ann.  Chem.,  366,  11  (1909). 

7.  L.  Tschugaeff,  Ber.,  32,  3332  (1899). 

8.  R.  H.  Shapiro  and  M.  J.  Heath,  J.  Amer .  Chem.  Soc.,  89,  5734  (1967). 
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Submitted  by  E.  L.  Martin1 

Checked  by  R.  Kottke  and  W.  D.  Emmons 


1.  Procedure 

Caution!  Carbonyl  cyanide  and  water  react  with  explosive 
violence  to  form  hydrogen  cyanide  and  carbon  dioxide.  This 
preparation  should  be  carried  out  in  a  good  hood  with  shielding, 
and  rubber  gloves  should  be  worn. 

A  500-ml.  three-necked  flask  equipped  with  a  magnetic 
stirring  bar,  a  pressure-equalizing  dropping  funnel,  a  thermo¬ 
meter,  and  a  25-cm.  Vigreux  column  attached  to  a  trap  cooled 
in  a  dry  ice-acetone  mixture  is  charged  with  100  ml.  of  diethyl 
phthalate  (Note  1)  and  43  g.  (0.3  mole)  of  tetracyanoethylene 
oxide  (Note  2).  The  dropping  funnel  is  charged  with  44  g. 
(0.3  mole)  of  distilled  w-butyl  sulfide,  the  pressure  is  reduced  to 
5-20  mm.  by  means  of  a  water  aspirator,  and  the  reaction  flask 
is  warmed  with  a  water  bath  at  50°.  The  n-butyl  sulfide  is 
added  dropwise  with  stirring  over  20-25  minutes,  and  the 
internal  temperature  is  maintained  at  50^:2°  by  controlling 
the  temperature  of  the  water  bath.  The  reaction  is  exothermic 
at  the  start,  but  it  is  necessary  to  supply  heat  toward  the  end  of 
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the  addition.  The  internal  temperature  is  increased  to  80°  over 
10-15  minutes  after  the  sulfide  has  been  added.  The  vacuum  on 
the  system  is  released  by  the  introduction  of  nitrogen.  The  solid 
carbonyl  cyanide  that  has  collected  in  the  trap  is  allowed  to 
warm  to  room  temperature  under  nitrogen,  and  2  g.  of  tetra- 
cyanoethylene  oxide  (Note  3)  and  a  boiling  stone  are  added. 
The  mixture  is  then  warmed  to  50°,  and  the  product  is  distilled 
under  reduced  pressure  (5-20  mm.)  into  a  second  trap  cooled 
in  a  dry  ice-acetone  mixture.  Another  portion  of  tetracyano- 
ethylene  oxide  (1  g.)  is  added  to  the  distillate,  and  the  carbonyl 
cyanide  is  distilled  again  under  reduced  pressure  (5-20  mm.) 
into  a  distillation  flask  cooled  in  a  dry  ice-acetone  mixture. 
Fractionation  of  the  distillate  through  a  20-cm.  column  packed 
with  glass  helices  gives  20.8-21.8  g.  (86-91%)  (Note  4)  of 
faintly  yellow  carbonyl  cyanide,  b.p.  65-66°  (Notes  5,  6,  and  7). 


2.  Notes 

1 .  The  diethyl  phthalate  is  freed  of  traces  of  water  and  ethanol 
by  distilling  about  5%  of  it  under  reduced  pressure,  b.p.  185° 
(20  mm.)  and  then  cooling  the  residue  with  protection  from 
moisture.  Moisture  must  be  excluded  because  carbonyl  cyanide 
reacts  vigorously  with  water. 

2.  W.  J.  Linn,  Org.  Syn.,  49,  103  (1969). 

3.  The  distillate  is  treated  with  tetracyanoethylene  oxide  to 
remove  the  small  amount  of  w-butyl  sulfide  that  codistills  with 
carbonyl  cyanide. 

4.  The  yield  is  based  on  the  amount  of  tetracyanoethylene 
oxide  initially  charged. 

5.  There  is  very  little  if  any  low-boiling  material  when  the 
reaction  is  carried  out  as  described  and  care  is  taken  to  have  the 
apparatus  dry  and  to  exclude  moisture. 

6.  Gas  chromatographic  analyses  of  various  cuts  indicate 
essentially  pure  carbonyl  cyanide  with  traces  of  hydrogen 
cyanide  and  carbon  dioxide.  Both  are  hydrolysis  products  of 
carbonyl  cyanide  and  probably  are  formed  because  of  traces  of 
moisture  on  the  column. 

7.  Carbonyl  cyanide  has  m.p.  —38°,  n19 d  1.3923. 2 
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3.  Discussion 

The  procedure  described  is  that  of  Linn,  Webster,  and 
Benson.3  Carbonyl  cyanide  has  previously  been  prepared  by  the 
pyrolysis  of  the  diacetyl  derivative  of  diisonitrosoacetone,  a 
multistep  process  that  suffers  from  low  yield,  lack  of  repro¬ 
ducibility,  and  risk  of  explosion.1 2  The  present  procedure 
provides  a  convenient  high-yield  synthesis  of  carbonyl  cyanide. 

Carbonyl  cyanide  reacts  with  alcohols  and  phenols  to  give 
cyanoformate  esters,4  with  primary  and  secondary  amines  to 
give  cyanoformamides,  with  N,N-dimethylaniline  to  give 
bis[p  -  (dimethylamino )  pheny  1]  m  alononitrile  and  with  pyrrole  to 
give  2-(cyanoformyl)pyrrole.5  With  olefins  of  the  type 
C=C— CH,  products  of  structures  C=CC— C(CN)2OH, 
C=CC— COCN,  and  C=CC— C(CN)2OCOCN  are  obtained, 
depending  on  the  nature  of  the  olefin  and  the  reaction  con¬ 
ditions.6  Carbonyl  cyanide  also  undergoes  Diels- Alder  reaction 
with  some  conjugated  dienes  to  give  dicyanodihydropyrans.7 

1.  Central  Research  Department,  Experimental  Station,  E.  I.  du  Pont  de 
Nemours  &  Co.  (Inc.),  Wilmington,  Delaware  19898. 

2.  R.  Malachowski,  L.  Jurkiewicz,  and  J.  Wojtowicz,  Ber.,  70,  1012  (1937). 

3.  W.  J.  Linn,  O.  W.  Webster,  and  R.  E.  Benson,  J.  Amer.  Chem.  Soc.,  87, 
3651  (1965);  W.  J.  Linn,  U.S.  Patent  3,115,517  (1963)  [C.A.,  60,  7919a 
(1964)]. 

4.  O.  Achmatowicz,  K.  Belniak,  C.  Borecki,  and  M.  Leplawy,  Rocz.  Chem.,  39, 
1443  (1965)  [C.A.,  64,  17457f  (1966)]. 

5.  R.  Malachowski  and  J.  Jankiewicz-Wasowska,  Rocz.  Chem.,  25,  35  (1951) 
[C.A.,  47,  10483f  (1953)]. 

6.  O.  Achmatowicz  and  F.  Werner-Zamojska,  Bull.  Acad.  Pol.  Sci.  Cl. 
Troisieme,  5,  923  (1957)  [C.A.,  52,  6333a  (1958)]. 

7.  O.  Achmatowicz  and  A.  Zamojski,  Rocz.  Chem.,  35,  799  (1961)  [ C.A. ,  56, 
7257c  (1962)]. 
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Submitted  by  Gary  M.  Lampman  and  James  C.  Aumiller1 
Checked  by  G.  Nelson  and  K.  B.  Wiberg 

1.  Procedure 

In  a  2-1.  three-necked  round-bottomed  flask  equipped  with  a 
Trubore  stirrer  and  paddle  are  placed  172.8  g.  (1.2  moles)  of 
1,1-cyclobutanedicarboxylic  acid  (Note  1)  and  1500  ml.  of 
benzene.  The  mixture  is  stirred  and  heated  at  reflux,  and  200  ml. 
of  benzene  and  benzene-water  azeotrope  is  removed  by  distil¬ 
lation  to  ensure  anhydrous  conditions.  The  flask  is  then  fitted 
with  an  addition  funnel  and  a  reflux  condenser  to  which  is 
attached  a  drying  tube.  Stirring  and  heating  are  continued,  and 
over  a  40-minute  period,  170  g.  (102  ml.,  1.26  moles)  of  sulfuryl 
chloride  (Note  2)  is  added  from  the  funnel  while  4.0  g.  of 
benzoyl  peroxide  (Note  3)  is  simultaneously  added  in  small 
portions  through  the  top  of  the  condenser.  There  is  a  short 
induction  period,  and  then  hydrogen  chloride  and  sulfur  dioxide 
are  evolved.  After  the  addition  is  complete,  heating  at  reflux  is 
maintained  for  22  hours.  The  solid  is  dissolved  after  1  hour, 
leaving  a  light  brown  solution.  After  the  heating  period  is 
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complete,  the  benzene  is  removed  by  distillation,  and  the 
residue  heated  to  190-210°  for  45  minutes  in  order  to  effect 
decarboxylation.  The  black  residue  is  transferred  to  a  small 
flask  and  distilled  under  vacuum  through  a  6-cm.  Vigreux 
column.  After  a  fore-run  of  about  25-30  g.  (Note  4),  65-79  g. 
(40-49%)  of  cis-  and  £rems-3-chlorocyclobutanecarboxylic  acid 
is  collected  as  a  light  yellow  liquid,  b.p.  131-137°  (15  mm.) 
n2in  1.4790  (Note  5).  A  black  residue  is  present  in  the  distil¬ 
lation  flask. 


2.  Notes 

1.  Diethyl  1,1-cyclobutanedicarboxylate  is  prepared  by  the 
method  of  Mariella  and  Raube.2  The  diester  is  isolated  in  55% 
yield,  b.p.  111-114°  (16  mm.).  The  diester  can  be  saponified  by 
the  method  of  Heisig  and  Stodola,3  but  omitting  the  barium 
chloride  step,  to  give  the  diacid.  This  material  upon  recrystal¬ 
lization  from  ethyl  acetate  gives  the  diacid  in  high  purity.  The 
diacid  may  also  be  purchased  from  Aldrich  Chemical  Company, 
Inc. 

2.  Eastman  Organic  Chemicals  or  Matheson  Coleman  and 
Bell  practical  grade  material  was  distilled  before  use.  Since 
hydrogen  chloride  and  sulfur  dioxide  are  evolved,  the  prepar¬ 
ation  should  be  carried  out  in  an  efficient  hood. 

3.  Eastman  Organic  Chemicals  white  label  material  was 
used. 

4.  The  fore-run  contains  cyclobutanecarboxylic  acid  and 
3-chlorocyclobutanecarboxylic  acid,  b.p.  100-130°  (15  mm.) 
n2i D  1.4623.  The  presence  of  cyclobutanecarboxylic  acid  indi¬ 
cates  that  some  of  the  cliacid  was  not  chlorinated.  Attempts  were 
made  to  reduce  the  amount  of  unchlorinated  product  by 
increasing  the  amount  of  sulfuryl  chloride.  Instead,  this  in¬ 
creased  the  amount  of  a  dichlorinated  impurity  which  is  difficult 
to  separate  from  the  desired  product. 

5.  The  product  is  analyzed  by  gas  chromatography  at  190° 
on  a  Beckman  GC-2  chromatograph  equipped  with  a  180  cm. 
X  6  mm.  column  (Beckman  17449)  containing  42/60  Johns- 
Manville  C-22  firebrick  coated  with  Dow-Corning  550  silicone 
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oil.  The  retention  times  are  8  and  9  minutes  for  the  trans  and 
cis  compounds,  respectively. 

3.  Discussion 

3-Chlorocyclobutanecarboxylic  acid  has  been  prepared  from 
the  rather  inaccessible  3-hydroxy- 1,1-cyclobutanedicarboxylic 
acid.1 2 3 4  The  related  3-bromocyclobutanecarboxylic  acid  has  also 
been  prepared  by  a  long  synthetic  scheme  of  eight  steps.5 
The  present  method,  based  upon  the  procedure  of  Nevill, 
Frank,  and  Trepka,6  affords  the  3-chloro  acid  in  high  yield  in 
one  step.  Thus  this  method  provides  a  compound  which  cannot 
be  easily  made  by  other  methods. 

The  use  of  sulfuryl  chloride  for  free  radical  chlorination  of 
aliphatic  carboxylic  acids  gives  mixtures  of  positional  isomers.7 
However,  with  the  cyclobutane  ring,  the  attack  is  much  more 
selective.  The  present  method  provides  a  procedure  for  free 
radical  halogenation  of  a  cyclobutane  ring. 

The  conversion  of  3-chlorocyclobutanecarboxylic  acid  to 
l-bromo-3-chlorocyclobutane  is  described  in  Organic  Syntheses .8 

1.  Department  of  Chemistry,  Western  Washington  State  College,  Bellingham, 
Washington  98225. 

2.  R.  P.  Mariella  and  R.  Raube,  Org.  Syn.,  Coll.  Vol.  4,  288  (1963). 

3.  G.  B.  Heisig  and  F.  H.  Stodola,  Org.  Syn.,  Coll.  Vol.  3,  213  (1955). 

4.  R.  C.  Jones,  Ph.D.  Thesis,  Harvard  University,  1941. 

5.  K.  B.  Wiberg  and  G.  M.  Lampman,  J.  Amer.  Chem.  Soc.,  88,  4429  (1966). 

6.  W.  A.  Nevill,  D.  S.  Frank,  and  R.  D.  Trepka,  J.  Org.  Chem.,  27,  422  (1962). 

7.  M.  S.  Ivharasch  and  H.  C.  Brown,  J.  Amer.  Chem.  Soc.,  62,  925  (1940). 

8.  G.  M.  Lampman  and  J.  C.  Aumiller,  Org.  Syn.,  this  volume,  p.  106. 
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Submitted  by  D.  Seebach  and  A.  K.  Beck1 
Checked  by  Jose  F.  Pazos  and  Richard  E.  Benson 


1.  Procedure 


A.  5,9-Dithiaspiro[3.5~\nonane.  A  dry  2-1.  one-necked  round- 
bottomed  flask  containing  a  magnetic  stirring  bar  (Note  1)  is 
flushed  with  dry  nitrogen  (Note  2),  and  1.25  1.  of  dry  tetrahydro- 
furan  (Note  3)  and  50  g.  (0.417  mole)  of  1,3-dithiane  (Note  4) 
are  added.  The  flask  is  quickly  equipped  with  a  three-way 
stopcock  bearing  a  standard  tapered  joint,  a  rubber  septum, 
and  a  nitrogen  inlet,  as  shown  in  Figure  1  (Note  5).  The  solution 
is  stirred  with  an  efficient  magnetic  stirrer  and  cooled  to  an 
external  temperature  of  —20°  with  a  dry  ice-methanol  bath. 
A  3%  excess  (total  of  0.430  mole)  of  1.5— 2.531  %-butyllithium 
in  w-hexane  (Note  6)  is  added  through  the  rubber  septum  by 
means  of  a  syringe.  The  bath  temperature  is  kept  between 
— 10°  and  — 20°  for  2  hours,  and  then  the  temperature  of  the 
bath  is  reduced  to  —75°  (Note  7).  Sixty-five  and  five-tenths 
grams  (44.5  ml.,  0.417  mole)  of  l-bromo-3-chloropropane  (Note 
8)  is  added  by  means  of  a  syringe  during  10  minutes.  The  tem¬ 
perature  of  the  bath  is  raised  to  —30°  over  a  2-hour  period  by 
gradually  replacing  the  cold  methanol  with  warm  methanol. 
The  bath  is  removed  and  stirring  is  continued  until  the  reaction 
flask  is  at  room  temperature  (Note  9).  The  flask  is  again  cooled 
to  —75°  (Note  7)  and  0.44  mole  of  n-butyllithium  in  w-hexane 
(Note  6)  is  added  by  means  of  a  syringe  during  10  minutes. 
After  the  addition  is  complete,  the  temperature  of  the  reaction 
flask  is  allowed  to  rise  to  room  temperature  overnight  (Note  10). 
The  solvent  is  removed  from  the  product  by  distillation  at  50° 
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by  means  of  a  rotary  evaporator  attached  to  a  water  aspirator. 
Three  hundred  milliliters  of  water  and  500  ml.  of  ether  are 
added  to  the  product  in  the  flask,  the  ether  layer  is  separated, 
and  the  acpieous  layer  is  washed  again  with  500  ml.  of  ether. 
The  organic  layers  are  combined,  washed  with  200  ml.  of  water, 
and  dried  over  10  g.  of  anhydrous  potassium  carbonate.  The 
ether  is  x’emoved  by  distillation  to  yield  about  75  g.  of  crude 
product.  Distillation  through  a  packed  column  gives  44-57  g. 


Figure  1 

(65-84%)  of  5,9-dithiaspiro[3.5]nonane,  b.p.  65-75°  (1  mm.), 
n20D  1.5700.  This  product  is  of  sufficient  purity  for  Part  B 
(Note  11). 

B.  Cyclobutanone.  A  2-1.  three-necked  flask  is  fitted  with  an 
efficient  mechanical  stirrer  and  a  water-cooled  condenser 
assembled  for  downward  distillation  to  which  is  attached  a 
250-ml.  receiver  with  a  side  arm.  Two  cold  traps  are  attached 
consecutively  to  the  distillation  apparatus  as  shown  in  Figure  2 
(Note  12).  The  receiver  is  immersed  in  an  ice-water  bath, 
and  the  traps  are  immersed  in  dry  ice-acetone.  To  the  flask  is 
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added  45  g.  (0.28  mole)  of  5,9-dithiaspiro[3.5]nonane,  900  ml.  of 
triethyleneglycol,  and  150  ml.  of  water.  Stirring  is  begun,  and 
163  g.  (0.6  mole)  of  mercuric  chloride  (Note  13)  and  51.5  g. 
(0.3  mole)  of  cadmium  carbonate  (Note  13)  are  added.  A 
nitrogen  inlet  tube  reaching  to  the  bottom  of  the  flask  is 
inserted  into  the  third  neck  of  the  flask,  and  nitrogen  is  intro¬ 
duced  at  approximately  50  cc.  per  minute.  The  reaction  flask 
is  heated  to  90°  in  an  oil  bath,  and  the  temperature  is  slowly 
increased  to  110°  over  a  2-3  hour  period.  Water  and  cyclo- 
butanone  are  carried  into  the  receivers.  The  water  in  the  receiv¬ 
ing  flask  is  saturated  with  sodium  chloride,  and  the  resulting 
solution  is  transferred  to  a  separatory  funnel.  The  flask  is 


5  cm. 


Figure  2 

rinsed  with  25  ml.  of  methylene  chloride,  and  this  solution  is 
used  for  an  initial  washing  of  the  aqueous  solution.  The  aqueous 
solution  is  shaken  three  additional  times  with  25-ml.  portions  of 
methylene  chloride.  The  methylene  chloride  solutions  are 
combined  and  added  to  the  traps  to  dissolve  cyclobutanone. 
The  resulting  solution  is  transferred  to  a  250-ml.  flask,  the 
traps  are  rinsed  with  a  small  amount  of  methylene  chloride,  and 
the  rinse  is  combined  with  the  original  solution.  The  methylene 
chloride  solution  is  dried  over  5  g.  of  anhydrous  sodium  sulfate, 
filtered,  and  the  solvent  is  removed  by  distillation  through  a 
20-cm.  helix-packed  vacuum-insulated  column.  The  product  is 
transferred  to  a  25-ml.  flask,  5  ml.  of  mesitylene  is  added,  and 
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the  product  is  distilled  through  a  spinning-band  column.  The 
fraction  boiling  at  95-100°  is  collected.  The  yield  of  cyclobut- 
anone  is  12-15.8  g.  (60-81%)  (Note  14). 


2.  Notes 

1.  Efficient  stirring  is  required  throughout  the  reaction. 

2.  If  available,  argon  is  preferable  to  nitrogen  because  of  its 
higher  density. 

3.  The  checkers  used  reagent-grade  tetrahydrofuran  (avail¬ 
able  from  Fisher  Scientific  Company)  from  a  freshly  opened 
bottle.  The  submitters  used  tetrahydrofuran  purified  by  distil¬ 
lation  from  lithium  aluminum  hydride.  See  Org.  Syn.,  46,  105 
(1966),  for  warning  regarding  purification  of  tetrahydrofuran. 

4.  E.  J.  Corey  and  D.  Seebach,  Org.  Syn.,  50,  72  (1970).  The 
product  was  sublimed  prior  to  use. 

5.  During  the  entire  reaction  sequence  a  positive  pressure  of 
approximately  50  mm.  of  nitrogen  is  maintained  against  the 
atmosphere  with  a  mercury  bubbler. 

6.  The  titer  of  the  solution  should  be  determined  prior  to  use. 
The  checkers  used  product  available  from  Foote  Mineral  Com¬ 
pany. 

7.  Only  a  slight  excess  of  dry  ice  should  be  added. 

8.  Available  from  Eastman  Organic  Chemicals.  The  product 
was  distilled  prior  to  use,  b.p.  140-142°. 

9.  Approximately  2  hours  is  required. 

10.  The  submitters  have  found  that  the  ring  closure  reaction  is 
essentially  complete  by  the  time  the  temperature  reaches  —20°. 

1 1 .  Gas  chromatography  analysis  using  a  column  containing 
20%  silicone  DC  200  on  Gas  Chrom  Z  at  160°  showed  the 
product  to  be  96%  pure. 

12.  The  traps  are  attached  in  a  reverse  manner.  The  diameter 
of  the  inner  tubing  is  1.5  cm. 

13.  Anhydrous  practical  grade  reagents  were  used. 

14.  The  infrared  spectrum  (neat)  shows  strong  absorption  at 
1775  cm.-1.  The  purity  of  the  product  is  greater  than  95%  as 
established  by  gas  chromatography  on  a  4-ft.  column  containing 
20%  silicone  DC  200  on  Gas  Chrom  Z  at  50°.  The  n.m.r. 
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spectrum  (carbon  tetrachloride  solution,  internal  tetramethyl- 
silane  reference)  shows  a  pentet  at  1.83  p.p.m.  (J  —  8  Hz.)  and 
a  triplet  at  3.01  p.p.m.  (J  =  8  Hz.)  in  a  ratio  1 : 2,  respectively. 


3.  Discussion 


The  best  large-scale  preparation  of  cyclobutanone  is  the 
reaction  of  diazomethane  with  ketene.2  It  requires  a  ketene 
generator  and  implies  handling  of  large  quantities  of  the 
potentially  hazardous  diazo  compound.  A  more  frequently 
used  method  for  the  preparation  of  cyclobutanone  starts  from 
pentaery thritol ,  the  final  step  being  the  oxidative  degradation 
of  methylenecyclobutane,3,4  which  can  also  be  prepared  from 
other  precursors.5  A  general  survey  of  all  methods  used  to 
obtain  cyclobutanone  has  been  published.6’7 


RCHO 


RCOR' 


The  procedure  described  here  is  an  example  of  the  use  of  the 
dithiane  method8  for  the  preparation  of  ketones.  The  reactions 
appear  to  be  general,  and  the  yields  are  satisfactory.  The 
dithiane  method  can  be  successfully  applied  to  the  synthesis  of 
rings  containing  up  to  seven  carbon  atoms  with  a  slight  modi¬ 
fication9,10  ol  the  procedure  above.  The  synthesis  of  larger  rings 
may  require  high  dilution  methods.9 

Aldehydes  and  open-chain  ketones  are  also  available  from 
dithiane.9  Carbonyl  compounds  with  high  optical  activity9  have 
been  synthesized  including  those  that  undergo  facile  racemiz- 
ation.  An  extensive  review  covering  all  applications  of  this 
reaction  up  to  June  1969  has  been  authored  by  one  of  the 
submitters.9  Methods  and  limitations  for  the  preparation  of 
silyl  ketones11  (R3SiCOR)  and  germanyl  ketones  (R3GeCOR) 
have  been  described.12 
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Submitted  by  Walter  J.  Musliner  and  John  W.  Gates,  Jr.1 
Checked  by  D.  Robert  Coulson  and  Richard  E.  Benson 


1.  Procedure 

A.  Preparation  of  the  Phenolic  Ether:  p-(l- Phenyl-5-tetrazolyl- 
oxy)biphenyl .  In  a  1-1.  round-bottomed  flask  fitted  with  an 
efficient  condenser  is  placed  a  magnetic  bar  for  stirring.  Seven¬ 
teen  grams  (0.1  mole)  of  p-phenylphenol,  18.1  g.  (0.1  mole)  of 
l-phenyl-5-chlorotetrazole  (Note  1),  27.6  g.  (0.2  mole)  of 
anhydrous  potassium  carbonate,  and  250  ml.  of  acetone  are 
added  to  the  flask,  and  the  mixture  is  stirred  and  heated  under 
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reflux  for  18  hours  (Note  2).  Water  (250  ml.)  is  added  to  the  hot 
mixture  to  give  a  clear  solution  that  is  chilled  in  ice.  After  1 
hour,  the  product  is  collected  by  filtration  and  dried  in  air.  The 
crude  product  (32-33  g.,  m.p.  151-153°)  is  dissolved  in  250  ml. 
of  hot  ethyl  acetate,  and  the  solution  is  filtered  while  hot  to 
free  it  from  a  small  amount  of  insoluble  material.  The  white 
crystals  of  p-(l-phenyl-5-tetrazolyloxy)biphenyl  that  separate 
on  cooling  in  ice  weigh  25  g.,  m.p.  150-153°.  An  additional 
2-3  g.  of  product  is  recovered  from  the  filtrate  by  concen¬ 
tration  to  125  ml.  The  total  yield  is  27-28  g.  (86-89%). 

B.  Hydrogenolysis  of  the  Phenolic  Ether:  Biphenyl.  To  a 
solution  of  10  g.  (0.032  mole)  of  the  product  from  Part  A  in 
200  ml.  of  benzene  is  added  2  g.  of  5%  palladium-on-charcoal, 
and  the  mixture  is  shaken  with  hydrogen  in  a  Parr  apparatus  at 
40  p.s.i.  and  35-40°  for  8  hours  (Note  3).  The  mixture  is  filtered, 
and  the  insoluble  residue  is  washed  with  three  100-ml.  portions 
of  hot  ethanol  (Note  4).  The  filtrates  are  combined,  and  the 
solvent  is  removed  by  means  of  a  rotary  evaporator  at  60° 
(12  mm.)  to  leave  a  solid  residue.  The  product  is  dissolved  in 
100  ml.  of  benzene,  and  100  ml.  of  10%  sodium  hydroxide 
solution  is  added.  The  mixture  is  shaken,  and  the  layers  are 
separated.  The  aqueous  layer  is  extracted  with  100  ml.  of 
benzene,  and  the  original  benzene  layer  is  washed  with  100  ml. 
of  water  (Note  5).  The  benzene  solutions  are  combined  and 
dried  over  magnesium  sulfate.  Removal  of  the  benzene  by 
distillation  yields  4.0-4. 7  g.  (82-96%)  of  biphenyl  as  a  white 
powder,  m.p.  68-70°  (Note  6).  The  infrared  spectrum  is  identical 
with  that  of  an  authentic  sample,  and  a  purity  of  at  least  99.5% 
was  indicated  by  gas  chromatography  analysis. 


2.  Notes 

1.  p-Phenylphenol  and  l-phenyl-5-chlorotetrazole  were  ob¬ 
tained  from  Eastman  Organic  Chemicals. 

2.  A  reflux  period  of  18  hours  was  chosen  because  it  repre¬ 
sents  an  overnight  reaction  time;  the  reaction  is  essentially 
completed  in  8  to  10  hours. 

3.  The  hydrogenolysis  can  also  be  carried  out  in  ethanol  or 
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tetrahydrofuran.  An  amount  of  catalyst  equivalent  to  10-20% 
by  weight  of  tetrazolyl  ethers  is  most  satisfactory  for  this 
reaction.  Platinum  oxide  also  catalyzes  this  hydrogenolysis. 

4.  A  large  portion  of  l-phenyl-5-tetrazolone  (and  a  small 
amount  of  biphenyl)  remains  mixed  with  and  adsorbed  to  the 
catalyst  and  is  removed  by  the  ethanol  treatment. 

5.  l-Phenyl-5-tetrazolone  can  be  recovered  from  the  combined 
aqueous  solutions  by  acidification  with  dilute  hydrochloric 
acid.  The  yield  is  4. 2-4. 7  g.  (82-92%),  m.p.  190-191°. 

6.  Benzoxazolyl  ethers  can  also  be  used  in  this  reaction 
sequence  but  an  amount  of  catalyst  equivalent  to  20-40% 
by  weight  of  ether  is  necessary  in  the  hydi’ogenolysis  step. 
2-Chlorobenzoxazole  is  available  from  Eastman  Organic 
Chemicals. 


3.  Discussion 

The  preparation  is  essentially  that  described  by  the  sub¬ 
mitters2  and  is  cited  as  an  example  of  this  general  procedure  for 
replacement  of  phenolic  hydroxyl  groups  by  hydrogen. 

The  reaction  sequence,  which  involves  the  conversion  of  the 
phenolic  hydroxyl  groups  to  a  phenyltetrazolyl  ether  (see 
Note  6)  followed  by  reduction  to  effect  removal  of  the  phenolic 
hydroxyl  group,  illustrates  a  mild,  efficient,  general,  and 
convenient  procedure.  It  has  been  applied  successfully  by  the 
submitters2  to  a  variety  of  substituted  phenols,  as  shown  in 
Table  I. 

Phenols  having  a  variety  of  substituents  including  alkyl, 
alkoxyl,  aryl,  amino,  and  carbalkoxyl  have  been  successfully 
converted  to  the  desired  product  in  good  yield.  The  only 
limitation  yet  found  is  in  the  hydrogenolysis  of  the  halogen- 
carbon  bond.  Thus  ^-chlorophenol  was  converted  to  benzene 
using  this  procedure. 

Other  procedures  include  zinc-dust  distillation,  not  generally 
useful  except  for  exhaustive  degradation  of  phenols  to  hydro¬ 
carbons,  and  various  sodium  and  liquid  ammonia  cleavages  of 
phenol  ethers.3  '  These  latter  reactions  lack  generality  and  are 
often  unpredictable.  They  require  conditions  too  harsh  for 
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TABLE  I 

Hydrogenolysis  of  Phenolic  Ethers 


Substituted  Phenol 

Yield  of 
Tetrazolyl 
Ether,  % 

Hydrogenolysis 
Time,  hours 

Hydrogenolysis 
Product  Yield,  % 

Guaiacol 

94 

15 

Anisole 

86a 

m  -Methoxyphenol 

95 

16 

Anisole 

85a 

p-Methoxyphenol 

97 

6 

Anisole 

83a 

o  -  Pheny  lphenol 

9S 

8 

Biphenyl 

82 

p  -  Aminophenol 

86 

9 

Aniline 

46b 

p-Carbethoxyphenol 

91 

16 

Ethyl  benzoate 

89a 

Thymol 

93 

15 

p-Cymene 

72a 

1-Naphthol 

88 

7 

Naphthalene 

50 

2-Naphthol 

94 

17 

Naphthalene 

65 

p-Chlorophenol 

92 

18 

Benzene0 

70a 

a  Filtered  solution  analyzed  directly  by  gas  chromatography  with  toluene  as  internal 
standard. 

b  Isolated  as  the  hydrochloride  salt. 

0  From  hydrogenolysis  of  carbon-chlorine  bond. 

certain  aromatic  substituents,  and  the  yields  are  frequently 
low. 

1.  Research  Laboratories,  Eastman  Kodak  Company,  Rochester,  New  York 
14650. 

2.  W.  J.  Musliner  and  J.  W.  Gates,  Jr.,  J.  Amer.  Chem.  Soc.,  88,  4271  (1966). 

3.  W.  H.  Pirkle  and  J.  L.  Zabriskie,  .7.  Org.  Chem.,  29,  3124  (1964)  and  references 
cited  therein. 

4.  Y.  K.  Sawa,  N.  Tsuji,  and  S.  Maeda,  Tetrahedron,  15,  144,  154  (1961); 

Y.  K.  Sawa,  N.  Tsuji,  K.  Okabe,  and  T.  Miyamoto,  Tetrahedron,  21,  1121 
(1965);  Y.  K.  Sawa  and  J.  Irisawa,  Tetrahedron,  21,  1 129  (1965);  Y.  K.  Sawa, 

M.  Horiuchi,  and  K.  Tanaka,  Tetrahedron,  21,  1133  (1965). 

5.  P.  A.  Sartoretto  and  F.  J.  Sowa,  J.  Amer.  Chem.  Soc.,  59,  603  (1937);  A.  L. 
Kranzfelder,  J.  J.  Verbanc,  and  F.  J.  Sowa,  J.  Amer.  Chem.  Soc.,  59,  1488 
(1937);  F.  C.  Weber  and  F.  J.  Sowa,  J.  Amer.  Chem.  Soc.,  60,  94  (1938). 

6.  M.  Tomita,  H.  Furukawa,  S.-T.  Lu,  and  S.  M.  Kupchan,  Tetrahedron  Lett., 
4309  (1965). 

7.  E.  J.  Strojny,  J.  Org.  Chem.,  31,  1662  (1966). 


2-DIAZOCYCLOALKANONES : 
2-DIAZOCYCLOHEXANONE 


+  p-CH3C6H4S02N3 

\^^CHOH 

(C2H5)3N 


p-CH3C6H4S02NHCH0 


Submitted  by  Manfeed  Regitz,  J orn  Rutee, 

and  Annemarie  Liedhegener1 
Checked  by  John  D.  Fenwick  and  Peter  Yates 


1.  Procedure 

Caution:  2- Diazocyclohexanone  may  explode,  especially  on 
being  heated.  The  workup  and  distillation  should  be  carried  out 
in  a  fume  hood  behind  a  safety  shield. 

In  a  2-1.  wide-necked  Erlenmeyer  flask  are  mixed  66.2  g. 
(0.525  mole)  of  2-(hydroxymethylene)cyclohexanone  (Note  1), 
400  ml.  of  methylene  chloride,  and  106  g.  (1.05  moles)  of 
triethylamine  (Note  2).  The  flask  is  cooled  in  an  ice-salt  bath 
at  — 12  to  —15°,  and  98.0  g.  (0.500  mole)  of  p-toluenesulfonyl 
azide  (Note  3)  is  added  with  vigorous  mechanical  stirring  over  a 
period  of  approximately  1  hour,  at  such  a  rate  that  the  tempera¬ 
ture  of  the  reaction  mixture  does  not  rise  above  —5°.  Stirring  is 
continued  for  an  additional  2  hours  as  the  cooling  bath  melts.  A 
solution  of  30.8  g.  (0.55  mole)  of  potassium  hydroxide  in  400  ml. 
of  water  is  added,  and  the  mixture  is  stirred  for  15  minutes  at 
room  temperature.  The  resulting  emulsion  is  placed  in  a  2-1. 
separatory  funnel,  the  methylene  chloride  layer  is  separated  after 
the  emulsion  has  broken,  and  the  aqueous  alcoholic  layer  is 
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washed  with  two  100-ml.  portions  of  methylene  chloride.  The 
combined  methylene  chloride  solutions  are  washed  with  a 
solution  of  2.8  g.  of  potassium  hydroxide  in  200  ml.  of  water, 
and  then  with  200  ml.  of  water,  and  dried  over  anhydrous 
sodium  sulfate  (Note  4).  The  solvent  is  removed  on  a  rotary 
evaporator  at  35°  (15  mm.)  until  the  weight  of  the  residue  is 
constant.  The  yield  of  yellow-orange  2-diazocyclohexanone  is 
51.5-59.0  g.  (83-95%)  (Note  5).  Distillation  with  magnetic 
stirring  (Note  6)  of  20  g.  of  this  crude  product  from  a  hot-water 
bath  at  80°  gave  17.0  g.  of  yellow-orange  liquid,  b.p.  46° 
(0.1  mm.)  or  60°  (0.4  mm.)  (Note  7).  The  infrared  spectrum 
(liquid  film)  has  a  strong  band  at  2083  cm.-1  attributable  to  the 
diazo  function. 


2.  Notes 

1.  2-(Hydroxymethylene)cyclohexanone  was  prepared  from 
cyclohexanone2  and  was  freshly  distilled  before  use. 

2.  Freshly  distilled;  b.p.  88.5-90.5°. 

3.  p-Toluenesulfonyl  azide  was  prepared  from  p-toluene- 
sulfonyl  chloride  and  sodium  azide.3  The  submitters  found  that 
when  somewhat  less  than  the  stoichiometric  quantity  of 
p-toluenesulfonyl  azide  is  used,  2-diazocyclohexanone  is 
obtained  free  of  azide;  the  excess  2-(hydroxymethylene)- 
cyclohexanone  is  readily  removed  in  the  alkaline  workup.  The 
crude  product  obtained  by  the  checkers,  however,  contained 
p-toluenesulfonyl  azide  (Note  5). 

4.  The  basic  aqueous  solution  on  acidification  with  6 N 
hydrochloric  acid  gives  N-formyl-p-toluenesulfonamide  in 
almost  quantitative  yield.  Crystallization  from  benzene  gave 
crystals,  m.p.  101-102°  (lit.4  102-103°). 

5.  The  submitters  found  that  this  product  gave  a  single  spot 
on  thin-layer  chromatography  (Note  8),  and  that  it  can  be  used 
for  most  preparative  purposes  without  distillation.  The  checkers 
found  by  n.m.r.  spectroscopy  that  the  product  contained 
p-toluenesulfonyl  azide  ( ca .  5%)  and  triethylamine. 

6.  If  the  distillation  is  carried  out  with  a  capillary  leak,  thus 
in  the  presence  of  air,  decomposition  of  the  diazo  compound 
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occurs.  The  checkers  found  that  distillation  on  a  larger  scale  led 
to  extensive  decomposition. 

7.  The  distillation  is  not  carried  to  completion  because  of  the 
resulting  danger  of  explosion.  It  is  carried  out  with  the  usual 
safety  precautions  (safety  shield),  although  no  explosion  has  yet 
occurred. 

8.  Thin-layer  chromatography  was  carried  out  on  DC- 
Fertigplatte  Merck  Kieselgel  F254  supplied  by  Firma  Merck  AG, 
61  Darmstadt,  Germany.  For  the  solvent  system  methylene 
chloride/methanol  (97/3)  the  product  has  an  Rf  value  of  0.45. 


3.  Discussion 

In  addition  to  previously  described  syntheses4,5  by  diazo 
group  transfer  with  deform ylation, 6  2-diazocyclohexanone  has 
been  prepared  by  two  variants  of  this  method.  In  one,  the 
reaction  of  2-(hydroxymethylene)cyclohexanone  with  p-toluene- 
sulfonyl  azide  is  carried  out  in  ether/diethylamine,  and  an 
enamine  is  assumed  to  be  formed  as  an  intermediate;7  in  the 
other,  the  sodium  salt  of  the  hydroxymethylene  compound  was 
treated  with  the  lithium  salt  of  ^-carboxybenzenesulfonyl  azide 


TABLE  I 

Preparation  of  2-Diazocycloalkanones 


/^Vo 

m2)n-2  | 
V^c=n2 

n 

Boiling  Point  or 
[Melting  Point], 

°C. 

Yield,  % 

5 

34-37  (0.8  mm.) 

98 

7 

62  (0.4  mm.) 

83 

8 

a 

87 

9 

a 

73 

10 

[54-55] 

81 

11 

b 

79 

12 

[42-43] 

57 

a  Liquid,  purified  by  crystallization  from  ether  at  —60°. 
b  Liquid,  purified  by  crystallization  from  ethanol  at  —20°. 
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in  ether/tetrahydrofuran.1 2 3 4 5 6 7 8  Its  preparation  from  1,2-cyclo- 
hexanedione  mono-p-toluenesulfonylhydrazone  was  described 
earlier.9 

2-Diazocycloalkanones  with  five-  to  twelve-membered  rings 
can  be  synthesized  by  the  present  procedure  in  good  yields 
(Table  I).4 11  Diazo  transfer  with  deformylation  can  also  be  used 
for  the  preparation  of  bicyclic  a-diazo  ketones.10,11  A  related 
procedure  involving  reaction  of  the  sodium  salt  of  an  a-(hy- 
droxymethylene)-ketone  with  p-toluenesulfonyl  azide  in  ethanol 
has  been  applied  to  the  synthesis  of  diazoalkyl  ketones,  a-diazo 
aldehydes,  and  a-diazo  carboxylic  esters.12 

1.  Institut  fiir  Organische  Chemie  der  Universitat  des  Saarlandes,  66  Saar- 
brucken  11,  Germany. 

2.  C.  Ainsworth,  Org.  Syn.,  Coll.  Vol.  4,  536  (1963). 

3.  M.  Regitz,  J.  Hooker,  and  A.  Liedhegener,  Org.  Syn.,  48,  36  (1968). 

4.  M.  Regitz  and  J.  Riiter,  Chem.  Ber.,  101,  1263  (1968). 

5.  M.  Regitz,  F.  Menz,  and  J.  Riiter,  Tetrahedron  Lett.,  739  (1967). 

6.  M.  Regitz,  Angew.  Chem.,  79,  786  (1967);  Angew.  Chem.  Int.  Ed.  Engl.,  6, 
733  (1967). 

7.  M.  Rosenberger,  P.  Yates,  J.  B.  Hendrickson,  and  W.  Wolf,  Tetrahedron 
Lett.,  2285  (1964). 

8.  J.  B.  Hendrickson  and  W.  A.  Wolf,  J .  Org.  Chem.,  33,  3610  (1968). 

9.  H.  Stetter  and  K.  Kiehs,  Chem.  Ber.,  98,  1181  (1965). 

10.  T.  Gibson  and  W.  F.  Erman,  J.  Org.  Chem.,  31,  3028  (1966). 

11.  K.  B.  Wiberg  and  A.  de  Meijere,  Tetrahedron  Lett.,  519  (1969). 

12.  M.  Regitz  and  F.  Menz,  Chem.  Ber.,  101,  2622  (1968). 


P-DIKETONES  FROM  METHYL  ALKYL  KETONES: 
3-n-BUTYL-2,4-PENTANEDIONE 


»-C4H9CH2COCH3  +  (CH3C0)20  -^c.?3C6.H4S.°3H 


OCOCHg 

I 

•n-C4H9CH=C — CH3 


bf3-ch3cooh 


(CH3C0)20 


CH, 


«-C4H9CH(COCH3)5 


C— 0 

CH3C02Na  //  \ 

< -  n-C4H9— C  BF2 

h20, a  \  /  2 

c=o 


CH. 


Submitted  by  Chung -Ling  Mao1  and  Charles  R.  Hauser1’2 
Checked  by  David  G.  Melillo  and  Herbert  O.  House 


1.  Procedure 

A  mixture  of  28.6  g.  (0.25  mole)  of  2-heptanone  (Note  1), 
51.0  g.  (0.50  mole)  of  acetic  anhydride  (Note  2),  and  1.9  g. 
(0.01  mole)  of  p-toluenesulfonic  acid  monohj-drate  (Note  3) 
contained  in  a  stoppered  500-ml.  round-bottomed  flask  equip¬ 
ped  with  a  magnetic  stirrer  is  stirred  at  room  temperature  for  30 
minutes.  Then  55  g.  (0.43  mole)  of  the  solid  1 : 1  boron  trifluoride- 
acetic  acid  complex  (Note  4)  is  added;  some  heat  is  evolved 
during  this  addition.  The  resulting  amber-colored  solution  is 
stirred  in  the  stoppered  flask  at  room  temperature  for  16-20 
hours  (Note  5),  and  then  a  solution  of  136  g.  (1.00  mole)  of 
sodium  acetate  trihydrate  (Note  6)  in  250  ml.  of  water  is  added. 
After  the  flask  has  been  fitted  with  a  reflux  condenser,  the 
reaction  mixture  is  heated  at  reflux  for  3  hours  and  then  cooled, 
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and  the  product  is  extracted  with  three  100-ml.  portions  of 
petroleum  ether  (b.p.  30-60°).  The  combined  organic  extracts 
are  washed  successively  with  aqueous  5%  sodium  bicarbonate 
and  with  saturated  aqueous  sodium  chloride.  After  the  petro¬ 
leum  ether  solution  has  been  dried  over  anhydrous  calcium 
sulfate  (Drierite),  the  solvent  is  removed  with  a  rotary  evapor¬ 
ator,  and  the  residual  oil  is  distilled.  3-w-Butyl-2,4-pentanedione 
is  collected  as  a  colorless  liquid,  b.p.  84-86°  (6  mm.),  n25 d 
1.4422-1.4462  (Note  7).  The  yield  is  25-30  g.  (64-77%). 


2.  Notes 

1.  2-Heptanone,  obtained  from  Eastman  Organic  Chemicals, 
was  distilled  before  use,  b.p.  145-147°. 

2.  Acetic  anhydride  purchased  from  Merck  &  Co.,  Inc.  was 
fractionally  distilled  and  the  fraction,  b.p.  139-141°,  was  used. 

3.  p-Toluenesulfonic  acid  monohydrate  was  obtained  from 
Eastman  Organic  Chemicals  and  used  without  purification. 

4.  The  submitters  employed  75  g.  (0.5  mole)  of  the  liquid  1 :2 
boron  trifluoride-acetic  acid  complex  obtained  from  Harshaw 
Chemical  Company.  Since  the  checkers  were  unable  to  obtain 
this  complex  from  a  commercial  source,  they  prepared  the  solid 
1:1  complex  following  published  directions.3’4  A  2-1.  three¬ 
necked  flask  is  fitted  with  a  mechanical  stirrer,  a  gas  outlet 
tube,  and  a  gas  inlet  tube  extending  to  the  bottom  of  the  flask. 
A  solution  of  230  ml.  of  acetic  acid  in  750  ml.  of  1,2-dichloro- 
ethane  is  added  to  the  flask  and  a  stream  of  boron  trifluoride 
gas  is  passed  through  the  reaction  flask  while  the  solution  is 
stirred  and  cooled  with  an  ice  bath.  After  approximately  1  hour, 
when  the  mixture  is  saturated,  the  addition  of  boron  trifluoride 
is  stopped  and  the  insoluble  1:1  boron  trifluoride-acetic  acid 
complex  is  rapidly  collected  on  a  filter,  washed  with  200  ml.  of 

1 .2- dichloroethane,  and  transferred  to  a  dry  stoppered  container. 
Since  this  solid  complex  tends  to  liquefy  partially  on  storage, 
portions  to  be  used  in  this  preparation  should  be  washed  with 

1 .2- dichloroethane  immediately  prior  to  use.  The  amount  of 
catalyst  obtained  is  sufficient  to  perform  this  preparation  several 

times. 
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5.  A  longer  reaction  time  gives  similar  results. 

6.  Sodium  acetate  trihydrate  was  obtained  from  Eastman 
Organic  Chemicals. 

7.  On  a  gas  chromatographic  column  packed  with  SE-30 
silicone  gum  on  Chromosorb  P  and  heated  to  150°,  the  product 
exhibits  a  single  peak  with  a  retention  time  of  12.3  minutes; 
under  the  same  conditions  the  peak  for  2-heptanone  has  a 
retention  time  of  4.4  minutes.  The  product,  which  is  partially 
enolic,  has  infrared  bands  (carbon  tetrachloride  solution)  at 
1725(sh),  1695,  and  1605  cm.-1  with  an  ultraviolet  maximum 
(95%  ethanol)  at  288  mju  (e  2560)  and  n.m.r.  peaks  (carbon 
tetrachloride  solution)  at  16.50  (singlet,  ca.  0.3H,  enolic  OH), 
3.57  (triplet,  J  =  7  Hz.,  ca.  0.7H,  COCHCO),  2.10  (singlet,  6H, 
COCH3)  and  0. 7-2.0  p.p.m.  (multiplet,  9H,  aliphatic  CH). 
The  mass  spectrum  exhibits  a  molecular  ion  at  m/e  156  with 
abundant  fragment  peaks  at  m/e  100,  71,  58,  44,  and  43  (base 
peak). 


3.  Discussion 

This  procedure  for  the  acetylation  of  methyl  alkyl  ketones  to 
form  jS-diketones  is  a  modification5  of  an  earlier  procedure, 
which  used  boron  trifluoride  gas  as  the  catalyst.6  3-mButyl-2,4- 
pentanedione  has  also  been  prepared  by  the  acetylation  of  2- 
heptanone  catalyzed  with  boron  trifluoride  gas,7  by  the  thermal 
rearrangement  of  the  enol  acetate  of  2-heptanone,7  and  by  the 
alkylation  of  the  potassium  enolate  of  2,4-pentanedione 
with  mbutyl  bromide.8 

In  this  procedure,  the  ketone  is  first  converted  to  its  enol 
acetate  by  reaction  with  acetic  anhydride  in  the  presence  of  a 
proton  acid.  Since  this  enol  acetylation  is  performed  under 
equilibrating  conditions,  the  more  stable  enol  acetate  (usually 
the  more  highly  substituted  isomer)  is  produced.  Acetylation 
of  this  enol  acetate,  catalyzed  by  the  Lewis  acid  boron  tri¬ 
fluoride,  usually  leads  to  the  formation  of  the  enol  acetate  of  a 
^-diketone  which  is  cleaved  by  boron  trifluoride  to  form  acetyl 
fluoride  and  the  borofluoride  complex  of  the  /f-diketone.  Thus, 
this  procedure  offers  a  convenient  and  general  synthetic  route 
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to  3-substituted-2,4-pentanediones.1 2 3 4 5 6 7 8  The  acylation  of  2-buta- 
none  to  give  3-methyl-2,4-pentanedione  (48%);  2-pentanone  to 
give  3-ethyl-2,4-pentanedione  (57%);  phenylacetone  to  give 
3-phenyl-2,4-pentanedione  (68%);  and  3-methyl-2-butanone  to 
give  3,3-dimethyl-2,4-pentanedione  (40-48%)  has  been  reported 
by  the  submitters. 

A  similar  acetylation  procedure  (without  p-toluenesulfonic 
acid)  has  been  employed  to  prepare  other  /3-diketones.5  As 
examples,  cyclohexanone  was  converted  to  2-acetylcyclohex- 
anone  (73%);  cyclopentanone  yielded  2-acetylcyclopentanone 
(80%);  3-pentanone  yielded  3-methyl-2,4-hexanedione  (81%); 
dibenzyl  ketone  yielded  l,3-diphenyl-2,4-pentanedione  (72%), 
and  acetophenone  gave  benzoylacetone  (70%). 

1.  Department  of  Chemistry,  Duke  University,  Durham,  North  Carolina 
27706. 

2.  Deceased  January  6,  1970. 
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DIRECT  IODINATION  OF  POLYALKYLBENZENES : 
IODODURENE 


Submitted  by  H.  Suzuki1 

Checked  by  Robert  E.  Ireland  and  Robert  Czarny 


1.  Procedure 

Into  a  200-ml.  three-necked  flask  equipped  with  a  reflux 
condenser,  a  thermometer,  a  glass  stopper,  and  a  magnetic 
stirring  bar  are  introduced  13.4  g.  (0.1  mole)  of  durene  (Note  1), 
4.56  g.  (0.02  mole)  of  periodic  acid  dihydrate,  and  10.2  g. 
(0.04  mole)  of  iodine.  To  this  mixture  is  then  added  a  solution 
of  3  ml.  of  concentrated  sulfuric  acid  and  20  ml.  of  water  in 
100  ml.  of  glacial  acetic  acid.  The  resulting  purple  solution  is 
heated  at  65-70°  with  stirring  for  approximately  1  hour  until 
the  color  of  iodine  disappears.  The  reaction  mixture  is  then 
diluted  with  approximately  250  ml.  of  water,  and  the  white- 
yellow  solid  that  separates  (Note  2)  is  collected  on  a  Buchner 
funnel  and  washed  three  times  with  100-ml.  portions  of  water. 
The  product  is  dissolved  in  a  minimum  amount  of  boiling 
acetone  (about  125  ml.  is  required);  the  solution  is  cooled  to 
room  temperature  and  subsequently  stored  overnight  in  a 
refrigerator.  The  product  is  collected  by  rapid  filtration  through 
a  Buchner  funnel.  The  yield  of  iododurene  in  the  form  of 
colorless  fine  needles  is  20.8-22.6  g.  (80-87%),  m.p.  78-80°. 
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2.  Notes 

1.  Durene  (m.p.  79-80°),  prepared  according  to  the  pro¬ 
cedure  in  Org.  Syn.,  Coll.  Vol.  2,  248  (1943),  was  used  by  the 
submitter.  Commercially  available  durene  that  also  melted  at 
79-80°  after  purification  by  the  Organic  Syntheses  procedure 
above  w*as  used  by  the  checkers. 

2.  Some  crystals  of  iododurene  that  have  formed  during  the 
heating  period  tend  to  take  on  a  purple  coloration  because  of 
occluded  iodine.  This  impurity  is  readily  removed  by  the  re¬ 
crystallization  procedure. 


3.  Discussion 

The  present  procedure  is  the  most  convenient  method  for 
preparation  of  mono-  or  diiodo  derivatives  from  various  poly- 
alkylbenzenes  in  high  yields.2  Thus  5-Cbutyl-  1,3-dimethyl- 
benzene  gives  4-Cbutyl-2,6-dimethyliodobenzene  in  90%  yield 
and  4-Cbutyl- 1 ,2-dimethylbenzene  gives  5-Cbutyl-2,3-dimethyl- 
iodobenzene  in  81%  yield.  5-CButyl-l,2,3-trimethylbenzene, 
1,2,4,5-tetraisopropylbenzene,  and  p-di-Cbutylbenzene  have 
also  been  successfully  converted  to  the  corresponding  monoiodo 
derivatives  by  this  method.  Diiodo  derivatives  have  been 
prepared  from  o-xylene,  p-xylene,  durene,  and  prehnitene  by 
use  of  excess  reagent.  Shorter  reaction  times  and  higher  degree 
of  purity  of  the  product  are  assured  by  the  use  of  periodic  acid  as 
oxidizing  agent.  However,  the  preparation  of  the  more  highly 
iodinated  alkylbenzenes  by  this  procedure  is  difficult,  and  the 
Jacobsen  reaction  for  the  disproportionation  of  diiodo  com¬ 
pounds  by  the  action  of  sulfuric  acid  is  preferred.3 

Iododurene  has  been  prepared  by  treatment  of  durene  either 
with  iodine  and  mercuric  oxide,4  or  with  sulphur  iodide  and 
nitric  acid.5 

1.  Department  of  Chemistry,  Kyoto  University,  Kyoto,  Japan. 

2.  H.  Suzuki,  K.  Nakamura,  and  R.  Goto,  Bull.  Chem.  Soc.  Jap.,  39,  128  (1966). 

3.  H.  Suzuki  and  R.  Goto,  Bull.  Chem.  Soc.  Jap.,  36,  389  (1963). 

4.  A.  Tohl,  Ber.,  25,  1521  (1892). 

5.  A.  Edinger  and  P.  Goldberg,  Ber.,  33,  2875  (1900). 


ESTERIFICATION  OF  HINDERED  ALCOHOLS: 
<-BUTYL  p-TOLUATE 


w-C4H9Li  +  HOC(CH3)3 
O 


*  LiOC(CH3)3  +  n-C4H10 


CC1  +  LiOC(CH3)3 


*  H3C 


COC(CH3)3 


Submitted  by  G.  P.  Crowther,1  E.  M.  Kaiser,2 

It.  A.  Woodruff,2  and  C.  It.  Hauser3 
Checked  by  A.  Brossi,  It.  A.  LeMahieu,  and  P.  LaSalle 


1.  Procedure 


In  a  200-ml.  one-necked  round-bottomed  flask  fitted  with  a 
Claisen  adapter  with  a  condenser  and  addition  funnel  is  placed 
a  magnetic  stirring  bar  and  50  ml.  of  t-butanol  (Note  1).  Under 
nitrogen,  22.6  ml.  of  a  solution  of  approximately  1.55JT 
(0.035  mole)  %-butyllithium  in  hexane  (Note  2)  is  added  slowly 
from  a  syringe  (Note  3)  to  give  a  turbid  reaction  mixture. 
A  water  bath  is  used  to  keep  the  mixture  near  room  temperature. 
After  stirring  for  15  minutes,  a  solution  of  5.42  g.  (0.035  mole)  of 
p-toluoyl  chloride  (Note  4)  in  25  ml.  of  anhydrous  ethyl  ether 
(Note  5)  is  added  dropwise  to  the  stirred  mixture.  The  resulting 
yellow  slurry  is  stirred  at  room  temperature  for  15  hours  (Note 
6).  The  yellow  suspension  (Note  7)  is  transferred  with  100  ml.  of 
ethyl  ether  to  a  separatory  funnel  and  washed  three  times  with 
25-ml.  portions  of  saturated  sodium  chloride  solution.  The 
resulting  ether  solution  is  dried  over  magnesium  sulfate.  The 
ether  is  removed  by  distillation,  and  the  residual  oil  distilled 
under  reduced  pressure  to  give  a  small  fore-run  (0.10  g.)  and 
5.31-5.51  g.  (79-82%)  of  f-butyl  p-toluate,  b.p.  98-101° 
(4.2  mm.)  (Note  8). 


2.  Notes 


1.  f-Butanol  (Eastman  Organic  Chemicals  white  label)  was 
dried  by  distillation  from  calcium  hydride. 
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2.  The  solution  of  1.55 M  w-butyllithium  in  hexane  was 
obtained  from  Foote  Mineral  Company. 

3.  Formation  of  the  lithium  Chutoxide  in  this  manner  is  very 
exothermic  and  causes  the  hexane  to  boil  during  addition. 

4.  p-Toluoyl  chloride  was  prepared  by  treating  p-toluic  acid 
(Eastman  Organic  Chemicals  white  label)  with  thionyl  chloride 
(Eastman  Organic  Chemicals  white  label).  The  p-toluoyl 
chloride  used  was  distilled,  b.p.  48-49°  (0.1  mm.). 

5.  Anhydrous  ethyl  ether  was  distilled  from  lithium  aluminum 
hydride  and  stored  over  sodium  ribbon  prior  to  use. 

6.  In  one  instance  an  additional  75  ml.  of  anhydrous  ether 
was  added  to  make  the  slurry  less  viscous.  The  ester  was  obtained 
in  the  same  yield  in  another  run  after  stirring  only  30  minutes. 

7.  The  reaction  mixture  alternatively  may  be  concentrated 
with  a  rotary  evaporator  to  remove  the  excess  f -butanol. 
Ethyl  ether  and  water  are  added,  and  the  mixture  transferred 
to  the  separatory  funnel;  the  yield  of  ester  is  unchanged. 

8.  With  the  same  procedure  Cbutyl  phenylacetate  has  been 
prepared  in  47%  yield.4  When  esters  of  less  common  alcohols 
were  prepared,  anhydrous  ether  was  used  as  a  solvent  instead  of 
excess  alcohol.  Equivalent  amounts  of  alcohol,  w-butyllithium, 
and  acid  chloride  were  employed.  Thus  the  triethylcarbinol 
ester  of  ^-toluic  acid  and  the  2,2-diphenylethanol  ester  of 
benzoic  acid  have  been  prepared  in  72  and  70%  yields,  re¬ 
spectively. 


3.  Discussion 

The  present  procedure4  is  an  especially  effective  method  for 
the  synthesis  of  esters  of  aromatic  acids  and  hindered  tertiary 
alcohols  or  of  acid-labile  alcohols  such  as  2,2-diphenylethanol. 
The  yields  are  excellent,  and  the  reaction  procedure  is  simple. 
The  method  is  illustrated  by  the  preparation  of  £-butyl  p- 
toluate,  a  compound  that  could  not  be  prepared  by  a  convention¬ 
al  method5  of  esterification  involving  the  acid  chloride  and 
£ -butanol  in  the  presence  of  dimethylaniline.  Examples  of 
esters  prepared  by  this  method  are  illustrated  in  Table  I. 
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ETHYL  PYRR0LE-2-CARB0XYLATE 
(Pyrrole-2-carboxylic  acid,  ethyl  ester) 


O 

II 

CCI3CCI 


^N>-CCC1 
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II  +  ch3ch2oh 
n^ccci3 
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NaOCH2CH3 
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+  CHC13 


Submitted  by  Denis  M.  Bailey,  Robert  E.  Johnson, 

and  Noel  F.  Albertson1 
Checked  by  A.  Brossi  and  P.  Wehrli 


1.  Procedure 

A.  Pyrrol-2-yl  trichloromethyl  ketone.  In  a  3-1.  three-necked 
round-bottomed  flask  equipped  with  a  sealed  mechanical 
stirrer,  a  dropping  funnel,  and  an  efficient  reflux  condenser  with 
a  calcium  chloride  drying  tube  are  placed  225  g.  (1.23  moles)  of 
trichloroacetyl  chloride  and  200  ml.  of  anhydrous  ether.  The 
solution  is  stirred  while  77  g.  (1.15  moles)  of  freshly  distilled 
pyrrole  in  640  ml.  of  anhydrous  ether  is  added  over  3  hours 
(Note  1).  The  heat  of  reaction  causes  the  mixture  to  reflux 
during  the  addition.  Following  the  addition,  the  mixture  is 
stirred  for  1  hour,  and  then  100  g.  (0.72  mole)  of  potassium 
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carbonate  in  300  ml.  of  water  is  slowly  added  through  the 
dropping  funnel  (Note  2).  The  layers  are  separated,  and  the 
organic  phase  is  dried  with  magnesium  sulfate,  treated  with  6  g. 
of  Norit,  and  filtered.  The  solvent  is  removed  by  distillation  on 
a  steam  bath,  and  the  residue  is  dissolved  in  225  ml.  of  hexane. 
The  dark  solution  is  cooled  in  ice,  and  the  product  crystallizes. 
The  tan  solid  is  collected  and  washed  with  100  ml.  of  cold 
hexane  giving  189-196  g.  (77-80%)  of  the  ketone  melting  at 
73-75°  (Note  3). 

B.  Ethyl  pyrrole-2-carboxylate.  In  a  1-1.  three-necked  round- 
bottomed  flask  equipped  with  a  sealed  mechanical  stirrer  and 
powder  funnel  are  place  1.0  g.  of  sodium  and  300  ml.  of  an¬ 
hydrous  ethanol.  When  the  sodium  is  dissolved,  75  g.  (0.35 
mole)  of  pyrrol-2-yl  trichloromethyl  ketone  from  Part  A  is 
added  portionwise  over  a  10-minute  period  (Note  4).  After 
the  addition  is  complete,  the  solution  is  stirred  30  minutes,  then 
concentrated  to  dryness  using  a  rotary  evaporator.  The  oily 
residue  is  partitioned  between  200  ml.  of  ether  and  25  ml.  of 
3 N  hydrochloric  acid.  The  ether  layer  is  separated,  and  the 
aqueous  layer  is  washed  once  with  100  ml.  of  ether.  The  ether 
solutions  are  combined,  washed  once  with  25  ml.  of  saturated 
sodium  bicarbonate  solution,  dried  with  magnesium  sulfate, 
and  concentrated  by  distillation.  The  residue  is  fractionated  at 
reduced  pressure  to  give  44.0-44.5  g.  (91-92%)  of  ethyl  pyrrole- 
2-carboxylate  as  a  pale  yellow  oil,  b.p.  125-128°  (25  mm.) 
(Note  5).  The  yield  based  on  pyrrole  is  70-74%.  Upon  standing 
at  room  temperature  the  product  crystallizes,  m.p.  40-42°. 


2.  Notes 

1.  If  the  addition  time  is  shortened  to  1  hour,  the  yield  is 
decreased  by  about  5%. 

2.  Excessive  frothing  will  occur  if  the  potassium  carbonate 
solution  is  added  too  fast. 

3.  A  similar  run  on  a  scale  3.3  times  as  large  with  a  3-hour 
addition  time  gave  the  ketone  in  74%  yield. 

4.  The  solution  becomes  warm  during  the  addition,  and  the 
final  color  of  the  solution  is  reddish-brown. 
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5.  A  similar  run  on  a  scale  three  times  as  large  gave  the  ester 
in  96%  yield. 


3.  Discussion 

Pyrrole-2-carboxylic  acid  esters  have  been  prepared  from 
ethyl  chloroformate  and  pyrrolylmagnesium  bromide1 2  or 
pyrrolyllithium,3  by  hydrolysis  and  decarboxylation  of  di¬ 
methyl  pyrrole- 1,2-dicarboxylate  followed  by  re-esterification 
of  the  2-acid4  and  by  oxidation  of  pyrrole-2-carboxaldehyde 
followed  by  esterification  with  diazomethane.4 

Methods  of  acylating  pyrrole  similar  to  the  present  one  have 
been  reported  using  oxalyl  chloride,5  trifluoroacetic  anhydride,6 
carbamic  acid  chloride,7  and  trichloroacetyl  chloride.8  In  the 
last  preparation,  it  was  necessary  to  separate  the  product 
from  highly  colored  by-products  by  alumina  chromatography. 
Pyrrol-2-yl  trichloromethyl  ketone  has  also  been  prepared  by 
the  interaction  of  pyrrolylmagnesium  halide  and  trichloroacetyl 
chloride.9 

The  present  procedure  provides  a  facile  and  versatile  syn¬ 
thesis,  on  large  scale,  of  a  variety  of  pyrrole- 2 -carboxylic  acid 
derivatives  without  necessitating  the  use  of  moisture-sensitive 
organometallic  reagents.  The  use  of  alcohols  other  than  ethanol 
in  the  alcoholysis  reaction  provides  virtually  any  desired  ester. 
Ammonia  or  aliphatic  amines  readily  give  amides  in  high  yields, 
and  aqueous  base  can  be  used  to  give  the  free  acid. 

1.  Sterling-Winthrop  Research  Institute,  Rensselaer,  New  York  12144. 

2.  F.  K.  Signaigo  and  H.  Adkins,  J.  Amer.  Chem.  Soc.,  58,  1122  (1936). 

3.  A.  Treibs  and  A.  Diet!,  Justus  Liebigs  Ann.  Chem.,  619,  80  (1958). 

4.  P.  Hodge  and  R.  W.  Rickards,  J.  Chem.  Soc.  (London),  2543  (1963). 

5.  J.  L.  Archibald  and  M.  E.  Freed,  J.  Heterocycl.  Chem.,  4.  335  (1967). 

6.  W.  D.  Cooper,  J.  Org.  Chem.,  23,  1382  (1958). 

7.  A.  Treibs  and  R.  Derra,  Justus  Liebigs  Ann.  Chem.,  589,  174  (1954). 

8.  A.  Treibs  and  F.-H.  Kreuzer,  Justus  Liebigs  Ann.  Chem.,  721,  105  (1969). 

9.  G.  Sanna,  Gazz.  Chim.  Ital.,  63,  479  (1933)  [C.A.,  28,  763  (1934)]. 


HYDROGENATION  OF  AROMATIC  NUCLEI:  1-DECALOL 


Submitted  by  A.  I.  Meyers,1  W.  N.  Bevertjng,2  and  It.  Gault3 
Checked  by  P.  Freidenreich  and  R.  Breslow 


1.  Procedure 

A  500  ml.  Parr  hydrogenation  bottle  is  flushed  with  nitrogen 
and  20.0  g.  of  5%  rhodium-on-alumina  (Note  1)  is  weighed 
directly  into  the  hydrogenation  bottle.  The  catalyst  is  wet  by 
cautiously  adding  25  ml.  of  95%  ethanol,  and  a  solution  of  40.0  g. 
(0.28  mole)  of  1-naphthol  (Note  2)  in  125  ml.  of  95%  ethanol  is 
added  to  the  bottle  with  3  ml.  of  acetic  acid.  The  mixture  is 
shaken  in  a  Parr  apparatus  (Note  3)  at  an  initial  pressure  of 
55-60  p.s.i.  of  hydrogen.  The  theoretical  hydrogen  absorption  is 
reached  in  about  12  hours  (Note  4).  The  catalyst  is  then  removed 
by  suction  filtration  and  washed  twice  with  50-ml.  portions  of 
ethanol  (Note  5).  The  combined  ethanol  solutions  are  con¬ 
centrated  with  a  rotary  evaporator  to  yield  a  viscous  residue 
(39-41  g.).  The  residue  is  dissolved  in  150  ml.  of  benzene,  and 
the  solution  washed  with  75  ml.  of  10%  sodium  hydroxide 
solution  and  then  with  75  ml.  of  water.  The  benzene  solution  is 
dried  over  magnesium  sulfate  for  at  least  3  hours  and  then 
concentrated  with  a  rotary  evaporator  to  give  39-41  g.  (94-97%) 
of  a  mixture4  consisting  of  the  geometrical  isomers  of  1-decalol. 
ci<s,cis-l-I)ecalol  may  be  isolated  as  a  crystalline  solid  from  the 
mixture  by  the  addition  of  15-20  ml.  of  heptane,  followed  by 
cooling.  The  product  is  isolated  by  filtration  and  recrystallized 
from  a  minimum  amount  of  w-heptane  to  yield  13-14  g.  (30- 
33%)  of  cis,cis-l-decalol,  m.p.5  92-93°. 
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2.  Notes 

1.  The  catalyst  is  available  from  Engelhard  Industries. 

2.  A  purified  grade  of  1-naphthol  should  be  used.  Material 
available  from  Eastman  Organic  Chemicals,  Aldrich  Chemical 
Company,  Inc.,  and  Matheson  Coleman  and  Bell  is  satisfactory. 
Experiments  with  technical  grade  1-naphthol  have  indicated 
that  this  material  requires  purification  by  sublimation  in  order 
to  give  satisfactory  results. 

3.  It  has  been  found  that  the  rhodium  catalyst  is  not  nearly 
as  sensitive  to  poisoning  as  platinum  or  palladium  catalyst. 
The  metal  inlet  tube  to  the  reaction  bottle  was  merely  rinsed 
with  acetone,  followed  by  ethanol,  and  the  rubber  stopper  was 
soaked  in  30-40%  sodium  hydroxide  solution  overnight. 

4.  A  variety  of  experiments  have  shown  that  for  bicyclic 
aromatic  nuclei  the  weight  ratio  of  reactant  to  catalyst  should 
be  2 : 1,  whereas  for  monocyclic  aromatic  nuclei,  the  reactant  to 
catalyst  ratio  should  be  3:1.  For  the  latter  systems,  hydrogen 
absorption  is  usually  complete  within  6-8  hours  (see  Discussion 
section). 

5.  The  catalyst  may  be  reused  after  washing  thoroughly  with 
ethanol  and  drying  at  125°  for  12-15  hours.  The  activity, 
however,  is  somewhat  decreased.  Care  should  he  exercised  never 
to  leave  the  catalyst  exposed  to  air  in  the  presence  of  a  flammable 
solvent. 


3.  Discussion 

1-Naphthol  has  been  reduced  to  1-decalol  using  platinum,5 
Raney  nickel,6  and  Raney  copper.7  The  reactions  catalyzed  by 
nickel  and  copper  required  elevated  temperatures  and  pressure. 
The  present  procedure  allows  the  preparation  of  substantial 
quantities  of  1-decalol  under  much  more  convenient  conditions 
and  shorter  reaction  times.  Previous  methods5-7  require 
costly  catalysts  or  high-pressure  equipment  and  frequently 
result  in  a  high  degree  of  hydrogenolysis.  The  submitters  have 
found  that  the  present  method  is  applicable  to  a  wide  variety  of 
aromatic  nuclei,  some  of  which  are  listed  in  Table  I. 
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TABLE  I 

Hydbogenation  of  Abomatic  Nuclei a 


Compound 

g.  Catalyst 

g.  Reactant 

Product 

Yield,  % 

2-Naphthol 

0.50 

2-Decalolb 

88 

2  -Methylbenzofuran 

0.33 

cis- 2  -Methylhexahydro  - 
benzofuran0 

94 

2,2-Dimethyl-2,3-dihydro- 

benzofuran 

0.33 

cis  -  2 , 2  -  D  im  e  t  h  y  1  he  x  a  - 
hydrobenzofuran0 

91 

3-Hydroxybenzoic  acid 

0.33 

3  -Hydroxycyclohexane- 
carboxylic  acidb 

81 

4-Methoxyphenol 

0.33 

4-Methoxycyclohexanolb 

88 

Hydroquinone 

0.33 

l,4-Cyclohexanediolb 

90 

Resorcinol 

0.33 

l,3-Cyclohexanediolb 

85 

a  From  ref.  4.1 2 3 4 5 6 7  8 

b  Obtained  as  mixtures  of  geometric  isomers. 
c  No  detectable  quantity  of  the  trans  isomer  is  obtained. 


1.  Department  of  Chemistry,  Louisiana  State  University  in  New  Orleans, 
New  Orleans,  Louisiana  70122.  [Present  address:  Department  of  Chemistry, 
Wayne  State  University,  Detroit,  Michigan  48202.] 

2.  Present  address:  Bristol  Laboratories,  Syracuse,  New  York. 

3.  Present  address:  Wayne  State  University,  Detroit,  Michigan  48202. 

4.  A.  I.  Meyers,  W.  Beverung,  and  G.  Garcia-Munoz,  J.  Org.  Chem.,  29, 
3427  (1964).  The  discrepancy  between  the  work  reported  earlier  and  the 
present  work  regarding  isomer  distribution  may  be  due  to  variations  in 
catalyst  activity.  The  present  reduction  mixture  consists  of  four  decalol 
isomers  of  which  the  cis-cis  product  represents  50-55%  as  determined  by  gas 
chromatography  analysis  on  a  250-cm.  column  containing  10%  Carbowax 
20M  on  Chromosorb  P  at  150-200°. 

5.  W.  G.  Dauben,  R.  C.  Tweit,  and  C.  Mannerskantz,  J.  Amer.  Chem.  Soc., 

76,  4424  (1954);  C.  D.  Gutsche  and  H.  H.  Peter,  J.  Amer.  Chem.  Soc., 

77,  5974  (1955);  IT.  E.  Zimmerman  and  A.  Mais,  J.  Amer.  Chem.  Soc.,  81, 
3648  (1959). 

6.  D.  M.  Musser  and  H.  Adkins,  J.  Amer.  Chem.  Soc.,  60,  665  (1938). 

7.  J.  Jadot  and  R.  Braine,  Bull.  Soc.  Roy.  Sci.  Liege,  25,  62  (1956)  [C.A.,  50, 
16651h  (1956)]. 

8.  Other  examples  may  be  found  in:  J.  H.  Stocker,  J.  Org.  Chem.,  27,  2288 
(1962);  M.  Freifelder,  R.  M.  Robinson,  and  G.  R.  Stone,  J.  Org.  Chem.,  27, 
284  (1962);  J.  C.  Sircar  and  A.  I.  Meyers,  J.  Org.  Chem.,  30,  3206  (1965); 
R.  A.  Finnegan  and  P.  L.  Bachman,  J .  Org.  Chem.,  30,  4145  (1965). 


MERCURIC  OXIDE-MODIFIED  HUNSDIECKER  REACTION: 
1-BROMO-3-CHLOROCYCLOBUTANE 


Submitted  by  Gaby  M.  Lampman  and 

James  C.  Atjmiller1 
Checked  by  G.  Nelson  and  K.  B.  Wiberg 


1.  Procedure 


In  a  1-1.  three-necked  round-bottomed  flask,  wrapped  with 
aluminum  foil  to  exclude  light,  and  equipped  with  a  mechanical 
stirrer,  a  reflux  condenser,  and  an  addition  funnel,  is  suspended 
37  g.  (0.17  mole)  of  red  mercuric  oxide  (Note  1)  in  330  ml.  of 
carbon  tetrachloride  (Note  2).  To  the  flask  is  added  30.0  g. 
(0.22  mole)  of  3-chlorocyclobutanecarboxylic  acid  (Note  3), 
and  the  mixture  is  heated  to  reflux  while  stirring.  To  the  mixture 
is  added  dropwise  a  solution  of  40  g.  (0.25  mole)  of  bromine  in 
180  ml.  of  carbon  tetrachloride  as  fast  as  possible  (4-7  minutes) 
without  loss  of  bromine  from  the  condenser  (Note  4).  After  a  short 
induction  period,  carbon  dioxide  is  evolved  at  a  rate  of  150-200 
bubbles  per  minute  (Note  5).  The  solution  is  allowed  to  reflux 
until  the  rate  of  carbon  dioxide  evolution  slows  to  about  5 
bubbles  per  minute.  This  will  usually  take  25-30  minutes  (Note 
6).  The  mixture  is  then  cooled  in  an  ice  bath,  and  the  precipitate 
is  removed  by  filtration.  The  residue  on  the  funnel  is  washed 
with  carbon  tetrachloride,  and  the  filtrates  are  combined.  The 
solvent  is  removed  by  distillation  using  a  modified  Claisen 
distillation  apparatus  with  a  6-cm.  Vigreux  column,  and  vacuum 
distillation  of  the  residual  oil  gives  13-17  g.  (35-46%)  of 
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l-bromo-3-chlorocyclobutane,  b.p.  67-72°  (45  mm.),  w23d 
1.5065  (Notes  7  and  8). 


2.  Notes 

1.  Purified  product  available  from  J.  T.  Baker  Chemical 
Company. 

2.  Reagent-grade  carbon  tetrachloride  was  used. 

3.  G.  M.  Lampman  and  J.  C.  Aumiller,  Org.  Syn.,  this  volume, 
p.  73. 

4.  The  heating  bath  should  be  maintained  at  about  120°. 
This  is  to  ensure  that  the  solution  continues  to  reflux  while  the 
bromine  solution  is  added. 

5.  The  gas  evolution  can  be  monitored  by  conducting  the  gas 
through  rubber  tubing  from  the  condenser  into  a  small  amount 
of  water  where  the  bubbling  can  be  observed.  A  small  amount 
of  bromine  is  lost  because  of  entrainment  by  the  gas. 

6.  There  is  no  increase  in  yield  on  heating  the  mixture  under 
reflux  for  3  hours. 

7.  The  submitters  reported  a  48-52%  yield  (18-20  g.)  using 
the  indicated  scale,  and  a  35%  yield  when  the  reaction  was 
carried  out  using  twice  the  scale.  The  checkers  obtained  the 
product  in  28—29%  yield  when  the  reaction  was  conducted  on  a 
scale  10  times  that  indicated. 

8.  The  product  is  analyzed  by  gas  chromatography  at  130° 
on  a  Beckman  GC-2  chromatograph  equipped  with  a  180  cm.  X 
6  mm.  column  (Beckman  17449)  containing  42/60  Johns- 
Manville  C-22  firebrick  coated  with  Dow-Corning  550  silicone 
oil.  The  retention  times  are  12  and  14  minutes  for  the  trans  and 
cis  compounds,  respectively. 


3.  Discussion 

This  procedure,  which  is  a  modified  Hunsdiecker  reaction 
based  upon  the  method  of  Cristol  and  Firth,2  results  in  moderate 
to  high  yields  of  bromides  and  iodides  from  aliphatic2-3  and 
alicyclic  carboxylic  acids.4-6  Carbon  tetrachloride  is  most 
frequently  used  as  the  solvent,  but  others  can  be  employed. 
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Attempts  to  prepare  chlorides  by  the  method  have  proved  to  be 
unsuccessful.1 2 3 4 5 6 7 

The  main  advantage  of  this  procedure  over  that  of  the  stand¬ 
ard  method8  is  one  of  convenience.  For  example,  the  present 
method  is  a  one-step  reaction  while  the  usual  method  is  a  two- 
step  sequence  involving  an  intermediate  silver  salt.  In  addition, 
the  presence  of  water  produced  in  the  reaction  apparently  does 
not  reduce  the  yield  in  the  present  method  while  water  markedly 
reduces  the  yield  with  the  usual  silver  salt  method. 

Some  variations  of  the  method  have  been  used  to  prepare 
cyclopropyl  and  cyclobutyl  halides.  Simultaneous  addition  of 
bromine  and  3-bromocyclobutanecarboxylic  acid  to  the  suspen¬ 
sion  of  mercuric  oxide  gives  1,3-dibromocyclobutane  in  good 
yield.7  Similarly,  cyclopropanecarboxylic  acid  gives  bromo- 
cyclopropane,9  and  3-(bromomethyl)cyclobutanecarboxylic  acid 
gives  3-(bromomethyl)cyclobutyl  bromide.10  In  the  latter 
reaction,  it  was  found  desirable  to  remove  the  water  from  the 
reaction  as  it  is  formed  in  order  to  obtain  high  yields.  Another 
variation  is  the  addition  of  a  mixture  of  the  acid  and  mercuric 
oxide  to  excess  bromine  in  bromotrichloromethane.6 

The  conversion  of  l-bromo-3-chlorocyclobutane  to  bicyclo- 
[l.l.OJbutane  is  described  in  Organic  Syntheses.11 

1.  Department  of  Chemistry,  Western  Washington  State  College,  Bellingham, 
Washington  98225. 

2.  S.  J.  Cristol  and  W.  C.  Firth,  Jr.,  J.  Org.  Chem.,  26,  280  (1961). 

3.  J.  A.  Davis,  J.  Herynk,  S.  Carroll,  J.  Bunds,  and  D.  Johnson,  J.  Org.  Chem., 
30,  415  (1965). 

4.  S.  J.  Cristol,  J.  R.  Douglass,  W.  C.  Firth,  Jr.,  and  R.  E.  Krall,  J .  Org.  Chem., 
27,  2711  (1962). 

5.  S.  J.  Cristol,  L.  K.  Gaston,  and  T.  Tiedeman,  J.  Org.  Chem.,  29,  1279 
(1964). 

6.  F.  W.  Baker,  H.  D.  Holtz,  and  L.  M.  Stock,  J .  Org.  Chem.,  28,  514  (1963). 

7.  K.  B.  Wiberg  and  G.  M.  Lampman,  J.  Amer.  Chem.  Soc.,  88,  4429  (1966). 

8.  C.  V.  Wilson,  Org.  React.,  9,  332  (1957). 

9.  J.  S.  Meek  and  D.  T.  Osuga,  Org.  Syn.,  43,  9  (1963). 

10.  K.  B.  Wiberg  and  D.  S.  Connor,  J.  Amer.  Chem.  Soc.,  88,  4437  (1966). 

11.  G.  M.  Lampman  and  J.  C.  Aumiller,  Org.  Syn.,  this  volume,  p.  55. 


6-METHOXY-p-TETRALONE 
(2 (1H) -Naphthalenone,  3,4-dihydro-6-methoxy- ) 


Submitted  by  James  J.  Sims,  L.  H.  Selman  and  M.  Cadogan1 
Checked  by  Robert  E.  Ireland  and  Ronald  I.  Trust 

1.  Procedure 

In  a  2-1.  three-necked  flask  equipped  with  a  mechanical 
stirrer,  a  reflux  condenser  fitted  with  a  calcium  chloride  drying 
tube,  and  a  pressure-equalizing  dropping  funnel  are  placed 
53.4  g.  (0.4  mole)  of  anhydrous  aluminum  chloride  (Note  1)  and 
800  ml.  of  dichloromethane  (Note  2).  The  flask  is  placed  in  a 
dry  ice-acetone  bath,  and  the  mixture  is  stirred  for  a  few 
minutes  before  slowly  adding  a  solution  of  36.9  g.  (0.2  mole)  of 
p-methoxyphenylacetyl  chloride  (Note  3)  in  200  ml.  of  di¬ 
chloromethane  over  45  minutes.  When  the  addition  is  complete, 
the  funnel  is  replaced  by  a  gas  inlet  tube  (Note  4),  and  ethylene 
is  bubbled  vigorously  into  the  flask  for  about  10  minutes.  The 
gas  inlet  tube  is  replaced  with  a  stopper,  the  cooling  bath  is 
removed,  and  the  reaction  mixture  is  allowed  to  stir  at  room 
temperature  for  3—3.5  hours  (Note  5).  The  reaction  mixture  is 
cooled  in  an  ice  bath  while  250  ml.  of  ice  water  is  added  carefully 
(Note  6).  The  mixture  is  stirred  until  all  of  the  solid  material  is 
dissolved.  The  yellow  organic  layer  is  separated,  washed  two 
times  with  150-ml.  portions  of  5%  hydrochloric  acid  solution 
and  two  times  with  150-ml.  portions  of  saturated  sodium  bi¬ 
carbonate  solution.  The  organic  layer  is  dried  over  magnesium 
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sulfate  and  the  drying  agent  removed  by  filtration.  The  solvent  is 
distilled  on  a  rotary  evaporator,  keeping  the  bath  temperature 
under  60°.  Distillation  (Note  7)  of  the  yellow  residue  through  a 
15-cm.  Vigreux  column  gives  21-24  g.  (60-68%)  of  6-methoxyqS- 
tetralone,  b.p.  114-116°  (0.2  mm.).  The  product  solidifies  to  a 
white  solid  on  standing  in  the  refrigerator,  m.p.  33.5-35° 
(Note  8). 


2.  Notes 

1.  A  100%  molar  excess  of  aluminum  chloride  is  necessary  to 
obtain  an  acceptable  yield  in  a  short  time.  The  reaction  of 
phenylacetyl  chloride  with  ethylene  requires  only  1  mole  of 
aluminum  chloride  per  mole  of  acid  chloride. 

2.  Matheson  Coleman  and  Bell  dichloromethane,  b.p.  39.5- 
40.5°,  was  used  without  purification.  The  use  of  this  solvent 
rather  than  carbon  disulfide  is  the  major  improvement  of  this 
procedure  over  the  published  one.2 

3.  p-Methoxyphenylacetyl  chloride  is  prepared  from  p-meth- 
oxyphenylacetic  acid  (Aldrich  Chemical  Company,  Inc., 
m.p.  85-86.5°)  by  the  procedure  of  Buckles  and  Cooper3  as 
follows.  Thionyl  chloride  (50  ml.)  is  added  to  100  g.  (0.603  mole) 
of  p-methoxyphenylacetic  acid  in  a  500-ml.  round-bottomed 
flask  containing  a  few  boiling  stones  and  a  magnetic  stirring 
bar,  and  fitted  with  a  calcium  chloride  drying  tube.  The  contents 
of  the  flask  are  stirred  slowly  for  24  hours  at  room  temperature. 
Dry  benzene  (80  ml.)  is  added  and  removed  by  distillation  on  a 
rotary  evaporator  twice.  The  yellow-green  liquid  is  transferred 
to  a  200-ml.  flask  with  a  little  benzene  and,  after  removal  of  the 
solvent  under  vacuum,  distillation  of  the  liquid  through  a 
15-cm.  Vigreux  column  affords  102-108  g.  (92-97%)  of  p- 
methoxyphenylacetyl  chloride,  b.p.  80-88°  (0.5  mm.). 

4.  A  glass  tube  (6  mm.  o.d.),  flanged  at  one  end  and  bent  to 
direct  gas  bubbles  in  the  direction  of  stirring  is  used.  A  fritted 
disk  will  become  clogged  during  the  addition  and  should  not  be 
used. 

5.  This  reaction  time  was  found  to  give  the  best  yield  of  pure 
product.  The  progress  of  the  reaction  should  be  checked  by 


Ill 


6-METHOXY-j8-TETRALONE 

either  infrared  spectroscopy  or  vapor  phase  chromatography. 
A  small  aliquot  (1-2  ml.)  is  worked  up  in  a  test  tube  by  quench¬ 
ing  with  water,  separating  the  organic  phase,  and  drying  over 
magnesium  sulfate.  The  infrared  spectrum  will  show  a  disap¬ 
pearance  of  the  acid  chloride  carbonyl  peak  at  5.60  /x  and 
appearance  of  the  6-methoxy-/3-tetralone  carbonyl  peak  at 
5.88  p,.  Vapor  phase  chromatography  is  carried  out  in  a  185  cm. 
X  3.2  mm.  column  packed  with  5%  by  weight  SE-30  on  Diato- 
port  S  (60-80  mesh).  The  reaction  may  also  be  followed  visually. 
The  initial  yellow  suspension  changes  to  green  and  finally  to 
red-brown  with  a  green  cast.  The  reaction  is  essentially  complete 
with  the  precipitation  of  dark  green  aluminum  salts. 

6.  Much  heat  is  generated  on  addition  of  water  to  the  dark 
red-brown  mixture.  The  addition  should  be  dropwise  until  the 
heat  is  dissipated. 

7.  If  the  distillation  is  not  carried  out  promptly,  the  crude 
product  should  be  placed  under  nitrogen  in  a  freezer.  The 
tetralone  seems  to  keep  better  under  nitrogen  at  low  temperature 
in  glassware  that  has  been  rinsed  with  ammonium  hydroxide 
and  dried  in  an  oven;  the  distillation  flask  and  column  were  also 
routinely  treated  this  way. 

8.  This  material  contains  a  small  amount  of  impurity  (2-5%). 
Purer  material  may  be  obtained  by  discarding  a  1-2  g.  fore-run. 


3.  Discussion 

This  procedure,  which  is  an  improvement  over  the  method  of 
Burckhalter  and  Campbell,2  represents  the  most  convenient 
method  of  preparing  6-methoxy-/3-tetralone,  a  valuable  inter¬ 
mediate  for  the  synthesis  of  natural  products.  It  also  provides 
a  general  method  for  the  synthesis  of  substituted  /Ttetralones.2-4 
6-Methoxy-jS-tetralone  has  been  synthesized  from  6-methoxy- 
3 , 4- dihydronap hthalenecarboxy lie  acid  by  means  of  the  Curtius 
reaction.5  Other  preparations  include  the  Birch  reduction  of 
6-methoxy-2-naphthol,6,7  oxidation  of  6-methoxytetralin,6-8 
and  synthesis  from  6-methoxy-a-tetralone.9  The  other  practical 
approaches  depend  upon  tedious  preparations  of  naphthalene 
derivatives. 
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1.  Department  of  Plant  Pathology,  University  of  California,  Riverside, 
California  92502. 
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METHYL  ( trans-2 -  I0D0-1-TETRALIN)CARBAMATE 

(1 -Naphthalene  carbamic  acid,  I,2,3,4-tetrahydro-2-iodo-,  methyl 

ester) 


AgNCO  +  I2  - ►  Agl  +  INCO 

NCO 


Submitted  by  C.  H.  Heathcock1  and  A.  Hassner2 
Checked  by  William  G.  Kenyon  and  Richard  E.  Benson 

1.  Procedure 

A  1-1.  three-necked  round-bottomed  flask  fitted  with  a 
mechanical  stirrer,  a  thermometer,  and  a  calcium  chloride  drying 
tube  is  immersed  in  an  ice-salt  bath.  To  the  flask  are  added  38  g. 
(0.25  mole)  of  silver  cyanate  (Note  1),  34.7  g.  of  75%  1,2- 
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dihydronaphthalene  (0.20  mole,  Note  2),  and  400  ml.  of  an¬ 
hydrous  ether.  Stirring  is  begun  and  when  the  temperature  of 
the  contents  of  the  flask  has  reached  0°,  50.8  g.  (0.20  mole)  of 
iodine  is  added  in  one  portion.  The  brown  mixture  is  stirred 
vigorously  for  2  hours  at  0-5°  and  then  for  6  hours  at  room 
temperature.  The  resulting  mixture,  which  still  retains  the 
color  of  iodine,  is  filtered  through  a  layer  of  filter  aid.  The 
filtrate  is  transferred  to  a  1-1.  separatory  funnel  and  is  washed 
with  75-ml.  portions  of  15%  sodium  bisulfite  solution  until  the 
ether  layer  is  nearly  colorless.  The  resulting  ether  solution  is 
concentrated  to  200  ml.  using  a  rotary  evaporator  at  room 
temperature  and  20  mm.  pressure. 

A  solution  of  lithium  methoxide,  prepared  from  0.015  g.  of 
lithium  in  200  ml.  of  methanol,  is  added  to  the  ether  solution, 
and  the  resulting  mixture  is  allowed  to  stand  at  room  tem¬ 
perature  for  1  hour.  The  volume  is  reduced  to  200  ml.  by  distil¬ 
lation  using  a  rotary  evaporator  at  room  temperature  and  20  mm. 
pressure,  and  the  solution  is  added  to  600  ml.  of  an  ice-water 
mixture  containing  3  g.  of  sodium  bisulfite.  The  solid  product 
that  separates  is  collected  by  filtration,  washed  with  water,  and 
dried  in  air.  The  crude  carbamate,  which  weighs  57-64  g., 
is  dissolved  in  180  ml.  of  hot  methanol.  The  resulting  mixture, 
which  is  slightly  cloudy,  is  filtered  rapidly  through  a  coarse 
fluted  filter  paper.  The  filtrate  is  warmed  to  redissolve  the 
product,  and  30  ml.  of  water  is  added  slowly  while  the  solution  is 
heated.  The  flask  is  allowed  to  stand  overnight  and  then  is  cooled 
to  0°  to  yield  a  crystalline  solid  which  is  collected  by  filtration. 
The  product  is  washed  with  10  ml.  of  ice-cold  methanol-water 
mixture  (4:1)  and  is  dried  in  air.  The  yield  of  methyl  (trans- 2- 
iodo-l-tetralin)carbamate,  m.p.  125.5-126.5°,  is  39.6-41.0  g. 
(60-62%).  The  infrared  spectrum  (KBr  wafer)  shows  strong 
absorption  at  3220  and  1685  cm.-1. 

2.  Notes 

1.  The  purity  of  the  silver  cyanate  used  seems  to  be  critical. 
Best  results  are  obtained  using  product  prepared  in  the  follow¬ 
ing  manner.  A  solution  of  100  g.  (0.59  mole)  of  silver  nitrate  in 
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3  1.  of  distilled  water  is  added  to  a  solution  of  49.5  g.  (0.61  mole) 
of  potassium  cyanate  in  700  ml.  of  distilled  water.  The  white 
precipitate  is  recovered  by  filtration  and  washed  successively 
with  distilled  water,  methanol,  and  ether.  The  product  is 
protected  from  light  and  air-dried  overnight  on  a  filter  funnel 
attached  to  an  aspirator.  The  product  is  then  dried  over  phos¬ 
phorous  pentoxide  under  vacuum  for  at  least  24  hours. 

2.  The  submitters  used  technical  grade  dihydronaphthalene 
of  83%  purity  (Columbia  Organic  Chemicals  Company,  Inc.)  or 
of  75%  purity  (Aldrich  Chemical  Company,  Inc.)  as  indicated 
by  gas  chromatography.  The  checkers  used  the  Aldrich  product. 


3.  Discussion 

The  addition  of  iodine  isocyanate  to  olefins  is  a  general 
reaction  leading  stereospecifically  to  fraws-/3-iodoisocyanates 
convertible  to  fnms-jS-iodocarbamates  or  ureas.1 2 3  The  procedure 
described  here  is  essentially  that  of  Hassner  and  Heathcock.3 
The  method  is  applicable  to  unsaturated  alcohols,  esters, 
ketones,  and  dienes  but  not  to  conjugated  unsaturated  esters 
or  ketones.  The  effect  of  solvent  on  the  rate  of  reaction  for  the 
addition  of  iodine  isocyanate  to  cyclohexene  has  been  studied.4 
The  rate  of  reaction  in  methylene  chloride  was  found  to  be 
much  greater  than  that  in  ether.  Stereochemical  and  regio- 
chemical  effects  as  well  as  possible  rearrangements  during  the 
addition  have  been  evaluated.5  jS-Iodocarbamates  serve  as 
useful  intermediates  in  the  synthesis  of  aziridines,3'6'7  aze- 
pines,8  1,2-diamines,9  carbamates,5  oxazolidones,10  and  amino 
alcohols.10 

The  conversion  of  methyl  (frans-2-iodo-l-tetralin)carbamate 
to  l,2,3,4-tetrahydronaphthalene(l,2)imine  is  described  in 
Organic  Syntheses.1 

1.  Department  of  Chemistry,  University  of  California,  Berkeley,  California 
94720. 

2.  Department  of  Chemistry,  University  of  Colorado,  Boulder,  Colorado 
80302. 

3.  A.  Hassner  and  C.  Heathcock,  Tetrahedron,  20,  1037  (1964). 

4.  C.  G.  Gebelein,  Chew. .  Ind.  (London),  57  (1970). 
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7.  C.  H.  Heathcock  and  A.  Hassner,  Org.  Syn.,  this  volume,  p.  53. 

8.  L.  A.  Paquette,  and  D.  E.  Kuhla,  Tetrahedron  Lett.,  4517  (1967). 

9.  G.  Swift  and  D.  Swern,  J.  Org.  Chem.,  32,  511  (1967). 

10.  A.  Hassner,  M.  E.  Lorber,  and  C.  Heathcock,  J.  Org.  Chem.,  32,  540  (1967). 


<rans-3-PENTEN-2-ONE 

(£rans-3-Penten-2-one) 


Cl 

Alf'l 

CH3CH=CH2  +  CHgCOCl  — ^  ch3coch2chch3 


Submitted  by  H.  C.  Odom  and  A.  R.  Pinder1 

Checked  by  Walter  J.  Campbell  and  Herbert  O.  House 

1.  Procedure 

Caution:  Since  both  hydrogen  chloride  and  propylene  may 
escape  from  the  reaction  vessel  during  this  preparation,  the  reaction 
should  be  performed  in  a  hood. 

A  2-1.  three-necked  flask  is  equipped  with  an  efficient  mech¬ 
anical  stirrer,  a  gas  inlet  tube  extending  almost  to  the  bottom  of 
the  flask,  and  an  efficient  reflux  condenser  fitted  with  a  calcium 
chloride-filled  drying  tube.  After  the  apparatus  has  been  dried  in 
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an  oven,  800  ml.  of  methylene  chloride  (Note  1)  and  157  g. 
(142  ml.,  2.0  moles)  of  acetyl  chloride  (Note  2)  are  added  to  the 
flask.  This  solution  is  stirred  while  320  g.  (2.4  moles)  of  powdered 
anhydrous  aluminum  chloride  (Note  3)  is  added  in  portions 
over  a  15-minute  period.  As  soon  as  this  addition  is  complete,  a 
stream  of  propylene  gas  (Note  4)  is  passed  through  the  con¬ 
tinuously  stirred  reaction  solution  at  a  sufficient  rate  to  maintain 
a  gentle  reflux.  The  gas  flow  is  continued  until  no  more  heat  is 
evolved  and  refluxing  ceases  (10-30  hours,  Note  4)  at  which 
time  the  flask  is  nearly  full  and  the  contents  separate  into  two 
layers  when  stirring  is  stopped.  The  contents  of  the  flask  are 
poured  cautiously  onto  about  1.5  kg.  of  ice  (Note  5),  and  the 
upper  organic  layer  is  separated.  The  aqueous  phase  is  shaken 
with  three  100-ml.  portions  of  methylene  chloride  (Note  6) 
and  the  combined  organic  solutions  are  washed  with  50  ml.  of 
water  and  dried  over  anhydrous  magnesium  sulfate. 

The  resulting  dark  brown  solution  is  placed  in  a  2-1.  round- 
bottomed  flask  equipped  with  a  thermometer,  a  magnetic 
stirring  bar,  a  heating  mantle,  and  a  suitable  assembly  of  a 
distilling  head,  a  condenser,  and  a  receiver  to  permit  distillation 
under  reduced  pressure.  The  bulk  of  the  methylene  chloride  and 
volatile  hydrocarbons  are  distilled  from  the  mixture  at.  water- 
aspirator  pressure  while  sufficient  heat  is  supplied  with  the 
heating  mantle  to  maintain  the  temperature  of  the  mixture  at 
about  0°  (Note  7).  When  the  bulk  of  the  solvent  has  been 
removed,  a  1-1.  round-bottomed  flask,  cooled  in  a  dry  ice-iso¬ 
propyl  alcohol  bath,  is  attached  to  the  apparatus  as  a  receiver, 
and  the  pressure  is  reduced  to  1  mm.  or  less  with  a  vacuum 
pump.  Heat  is  supplied  with  the  heating  mantle  so  that  the 
temperature  of  the  viscous  liquid  in  the  distillation  flask 
slowly  rises  from  about  0°  to  45°  over  a  period  of  90  minutes 
while  the  volatile  products  (methylene  chloride,  low  molecular- 
weight  hydrocarbons,  4-chloropentan-2-one,  and  3-penten-2- 
one)  distil  (Note  7).  The  resulting  distillate  (400-500  g.  of  pale 
green  liquid)  is  mixed  with  256  g.  (1.98  moles)  of  quinoline 
(Note  8)  and  then  heated  to  boiling.  In  order  to  remove  the 
remaining  methylene  chloride  and  other  low-boiling  materials 
(Note  9),  liquid  is  allowed  to  distil  from  the  mixture  until  the 
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temperature  of  the  distilling  liquid  reaches  110-120°.  The 
remaining  solution  is  refluxed  for  30  minutes  and  then  cooled 
and  diluted  with  the  previously  removed  distillate  and  200  ml. 
of  pentane.  The  resulting  solution  is  washed  with  successive 
250-ml.  portions  of  aqueous  10%  hydrochloric  acid  until  the 
aqueous  washings  are  acidic.  The  aqueous  washings  are  com¬ 
bined,  acidified,  and  shaken  with  three  100-ml.  portions  of 
pentane.  The  combined  organic  solutions  are  washed  with  50  ml. 
of  saturated  aqueous  sodium  bicarbonate  and  then  dried  over 
anhydrous  magnesium  sulfate.  The  resulting  organic  solution  is 
fractionally  distilled  through  a  30-cm.  Vigreux  column,  and  the 
product  is  collected  in  the  fraction  boiling  at  119-124°.  This 
crude  product  amounts  to  42-63  g.  (25-37%)  and  contains 
3-penten-2-one  of  86-92%  purity  (Note  10).  If  a  product  of 
greater  purity  is  desired,  the  product  may  be  distilled  through  a 
60-cm.  spinning  band  column.  Since  this  distillation  may  be 
accompanied  by  partial  isomerization  of  the  a,/3-unsaturated 
ketone  to  the  lower  boiling  ^S,y-isomer  (Note  10),  the  product 
from  the  fractional  distillation  should  be  subjected  to  an  acid- 
catalyzed  equilibration.  In  a  typical  purification  79.4  g.  of  a 
mixture  of  penten-2-one  isomers,  b.p.  117-119°,  from  a  fractional 
distillation  is  mixed  with  400  mg.  of  p-toluenesulfonic  acid  and 
refluxed  for  30  minutes.  The  resulting  mixture  is  diluted  with 
100  ml.  of  ether  and  then  washed  with  50  ml.  of  saturated 
aqueous  sodium  bicarbonate  and  dried  over  anhydrous  magnes¬ 
ium  sulfate.  The  resulting  ether  solution  is  fractionally  distilled 
through  a  16-cm.  Vigreux  column  to  give  60.4  g.  of  trans- 
3-penten-2-one  of  97%  purity,  b.p.  121.5-124°,  n25 d  1.4329 
(Note  11). 


2.  Notes 

1.  The  methylene  chloride  was  dried  over  calcium  chloride 
before  use. 

2.  The  submitters  used  a  practical  grade  of  acetyl  chloride 
obtained  from  Eastman  Organic  Chemicals.  The  checkers  used 
reagent-grade  acetyl  chloride  obtained  from  the  Industrial 
Chemicals  Division,  Allied  Chemical  Corporation. 
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3.  The  reagent  grade  of  powdered,  anhydrous  aluminum 
chloride  employed  was  obtained  from  the  Specialty  Chemicals 
Division,  Allied  Chemical  Corporation. 

4.  A  chemically  pure  grade  of  propylene  obtained  from 
Matheson  Gas  Products  was  employed.  A  large  excess  of  propy¬ 
lene  is  used  in  this  preparation  since  much  of  the  olefin  is 
converted  to  polymeric  products.  The  submitters  report 
obtaining  markedly  lower  yields  of  product  when  an  excess  of 
propylene  was  not  used. 

5.  At  this  point  there  should  be  only  a  relatively  mild 
exothermic  reaction  as  the  anhydrous  aluminum  salts  are 
hydrolyzed  and  solvated. 

6.  In  these  extractions  the  organic  layer  is  the  lower  one. 

7.  The  submitters  had  originally  distilled  the  volatile  products 
from  this  mixture,  containing  mainly  polymeric  material,  by  a 
more  conventional  procedure.  However,  the  checkers  found  the 
problems  from  foaming  during  the  distillation  so  severe  that 
the  alternative  low-temperature  distillation  procedure  was 
adopted. 

8.  The  practical  grade  of  quinoline  employed  was  obtained 
from  Aldrich  Chemical  Company,  Inc. 

9.  The  reaction  solution  must  reach  a  temperature  of  approx¬ 

imately  90°  for  rapid  dehydrochlorination  to  occur.  If  low- 
boiling  impurities  prevent  the  reaction  mixture  from  reaching 
this  temperature,  the  final  product  may  be  contaminated  with 
the  intermediate  /3-chloroketone.  On  a  gas  chromatography 
column  packed  with  Carbowax  20M  suspended  on  Chromosorb 
P,  the  retention  times  for  the  a,/3-unsaturated  ketone  and  the 
intermediate  /3-chloroketone  are  4.9  minutes  and  12.0  minutes, 
respectively.  A  sample  of  4-chloro-2-pentanone,  collected  from 
this  gas  chromatography  column,  has  infrared  absorption 
(chloroform  solution)  at  1720  cm.-1  (C=0)  with  n.m.r. 

absorption  (deuteriochloroform  solution)  at  4.45  (sextuplet, 
J  =  1  Hz.,  1H,  CHC1),  2. 5-3. 3  (multiplet,  2H,  «-CH2),  2.20 
(singlet,  3H,  CH3CO),  and  1.55  p.p.m.  (doublet,  J  =  7  Hz.,  3H, 
CH3). 

10.  The  product  was  analyzed  with  a  2-m.  gas  chromato¬ 
graphy  column  packed  with  Carbowax  20M  suspended  on 
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Chromosorb  P.  In  chromatograms  obtained  from  this  column 
at  100°,  the  retention  times  of  4-penten-2-one  and  3-penten-2- 
one  are  2.6  and  3.9  minutes,  respectively.  The  crude  product 
contains  several  additional  low-boiling  components  with  gas 
chromatographic  retention  times  in  the  range  1.6-2. 8  minutes. 
Any  4-penten-2-one  present  as  an  impurity  exhibits  infrared 
absorption  (carbon  tetrachloride  solution)  at  1720  cm.-1 
(nonconjugated  C=0). 

11.  The  pure  /raws-3-penten-2-one  has  infrared  absorption 
(carbon  tetrachloride  solution)  at  1680  and  1705  cm.-1  (cisoid 
and  transoid  conformers2  of  the  conjugated  C=0),  1635  cmr1 
(conjugated  C=C),  and  970  cm.-1  (trans- CH=CH)  with  an 
ultraviolet  maximum  (95%  EtOH  solution)  at  220  mp. 
(e  11,000)  and  n.m.r.  absorption  (deuteriochloroform  solution) 
at  6.85  (doublet  of  quadruplets,  J  =  7  and  16  Hz.,  1H,  /3- 
vinyl  CH),  6.10  (doublet  of  partially  resolved  multiplets, 
J  =  16  Hz.,  1H,  a-vinyl  CH),  2.22  (singlet,  3H,  CH3CO),  and 
1.88  p.p.m.  (doublet  of  doublets,  J  =  1.5  and  7  Hz.,  3H,  CH3). 
The  mass  spectrum  of  the  product  has  the  following  relatively 
abundant  peaks:  m/e  (relative  intensity),  84(M+,  36),  69(100), 
43(57),  41(78),  and  39(33). 


3.  Discussion 

£nms-3-Penten-2-one  has  been  prepared  by  the  dehydration 
of  4-hydroxy-2-pentanone  with  heat,3  acetic  anhydride,3 
sulfuric  acid,4  or  iodine.5  It  has  also  been  obtained  by  fractional 
distillation  of  a  commercial  product  resulting  from  an  aldol 
condensation  of  acetaldehyde  and  acetone.6  Preparations  are 
described  involving  reaction  between  acetyl  bromide  and 
propylene,  in  the  presence  of  anhydrous  aluminum  bromide,7 
and  between  acetic  anhydride  or  acetyl  chloride  and  propylene 
in  the  presence  of  anhydrous  aluminum  chloride.8  Other  pre¬ 
parative  methods  include  the  oxidation  of  £raws-3-penten-2-ol 
with  chromic  acid6  and  the  Wittig  reaction  between  acetyl- 
methylenetriphenylphosphorane  and  acetaldehyde.9 

The  present  procedure,  an  adaption  of  one  described  pre¬ 
viously,8  illustrates  the  acylation  of  an  olefin  in  the  presence  of 


120 


ORGANIC  SYNTHESES— VOL.  51 


a  Lewis-acid  catalyst.  Although  this  method  may  lead  to 
complex  mixtures  of  acylated  products  when  higher  molecular- 
weight  olefins  are  acylated  in  the  presence  of  excess  aluminum 
chloride,  the  application  of  this  procedure  to  propylene  gives  a 
single  monomeric  acetylated  product  accompanied  by  a  complex 
mixture  of  low  molecular-weight  hydrocarbons  and  un¬ 
identified,  higher  molecular-weight  materials.  The  relatively 
low  boiling  point  of  the  monoacetylated  product  permits  its 
ready  separation  from  most  of  the  components  of  this  mixture 
after  which  it  is  dehydrochlorinated  to  form  the  desired  product. 
The  product  of  this  reaction  is  obtained  in  sufficient  purity  to 
serve  as  a  synthetic  intermediate  in  annelation  reactions  with 
cycloalkanones. 10 
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4-PHENYL-l,2,4-TRIAZOLINE-3,5-DIONE 
(A1-l,2,4-Triazoline-3,5-dione,  4-phenyl-) 


H2NNH2  +  CO(OC2H5)2  - >  H2NNHC02C2H5 
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1.  Procedure 

A.  Ethyl  hydrazinecarboxylate.  To  100  g.  (97  ml.,  2.0  moles) 
of  100%  hydrazine  hydrate,  contained  in  a  1-1.  round-bottomed 
flask,  is  added  236  g.  (243  ml.,  2.0  moles)  of  diethyl  carbonate 
(Note  1).  The  flask  is  fitted  with  a  calcium  chloride-containing 
drying  tube  and  is  shaken  vigorously  to  mix  the  two  liquids. 
After  about  5  minutes,  the  milky  emulsion  becomes  warm,  and 
shaking  is  continued  until  a  clear  solution  is  obtained  (approxi¬ 
mately  20  minutes).  The  flask  is  equipped  with  a  reflux  con¬ 
denser  fitted  with  a  calcium  chloride-containing  drying  tube 
and  is  heated  on  a  steam  bath  for  3.5  hours.  The  reaction 
mixture  is  transferred  to  a  500-ml.  round-bottomed  flask  and  is 
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distilled  through  a  15-cm.  Vigreux  column  under  reduced 
pressure.  The  product  is  collected  as  a  colorless  liquid  boiling 
at  102-103°  (18  mm.)  or  117-118°  (40  mm.)  (Note  2).  The 
yield  is  161-176  g.  (77-85%),  n22 D  1.4495,  vmax  1640,  1725,  and 
3350  cm.-1.  The  product  may  crystallize  on  standing,  m.p. 
45-47°.  No  further  purification  is  needed  before  using  this 
material  for  the  next  step. 

B.  4- Phenyl- 1-carbethoxysemicarbazide.  In  a  1-1.  three-necked 
round-bottomed  flask  equipped  with  a  liquid-sealed  mechanical 
stirrer  (Note  3),  a  constant-pressure  dropping  funnel,  and  a 
reflux  condenser  fitted  with  a  drying  tube  containing  silica  gel 
is  placed  a  solution  of  52  g.  (0.5  mole)  of  ethyl  hydrazine- 
carboxylate  in  550  ml.  of  dry  benzene  (Note  4).  The  solution  is 
cooled  in  an  ice  bath,  and  the  stirrer  is  started.  To  the  solution 
is  added  59.7  g.  (55  ml.,  0.5  mole)  of  phenyl  isocyanate  (Note  5) 
dropwise  over  a  period  of  45  minutes.  After  about  one-half  of  the 
isocyanate  has  been  added,  a  white  precipitate  cf  the  product 
appears,  and  the  reaction  mixture  becomes  progressively 
thicker.  After  addition  is  complete  the  ice  bath  is  removed,  and 
the  mixture  is  stirred  at  room  temperature  for  2  hours  and 
then  is  heated  under  reflux  for  2  hours.  The  suspension  is  allowed 
to  cool  to  room  temperature,  and  4-phenyl-  1-carbethoxysemi- 
carbazide  is  isolated  by  suction  filtration,  washed  with  500  ml.  of 
benzene,  and  dried  in  a  vacuum  desiccator.  The  yield  is  108  g. 
(97%),  m.p.  151-152°.  The  product  is  not  further  purified 
before  being  used  in  the  next  step.  It  may  be  recrystallized 
from  ethyl  acetate  to  yield  white  crystals,  m.p.  154-155°, 
I'max  1645,  1687,  1797,  and  3300  cm.-1  (Note  6). 

C.  4 -Phenylur azole.  In  a  250-ml.  Erlenmeyer  flask  are  placed 
100  ml.  of  4 M  aqueous  potassium  hydroxide  and  44.6  g.  (0.2 
mole)  of  4-phenyl- 1-carbethoxysemicarbazide.  The  suspension 
is  warmed  on  a  steam  bath,  the  flask  being  swirled  occasionally 
to  wash  the  solid  off  the  sides.  After  1.5  hours  most  of  the  solid 
has  dissolved,  and  the  hot  solution  is  filtered.  After  cooling  to 
room  temperature,  the  solution  is  acidified  with  concentrated 
hydrochloric  acid  (about  33  ml.  is  required).  The  mixture  is 
again  cooled  to  room  temperature  and  the  precipitated  4- 
phenylurazole  is  isolated  by  suction  filtration.  The  mother  liquor 
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is  evaporated  to  dryness  on  a  rotary  evaporator,  and  the  residue 
is  extracted  two  times  with  100-ml.  portions  of  boiling  absolute 
ethanol  (Note  7).  The  ethanol  solutions  are  combined,  filtered, 
and  evaporated  to  dryness  on  a  rotary  evaporator,  and  the 
additional  4-phenylurazole  recovered  is  combined  with  that 
obtained  above.  The  product  is  crystallized  from  95%  ethanol 
(about  80  ml.)  to  yield  30.0-33.5  g.  (85-95%)  of  4-phenylurazole, 
m.p.  209-210°  vmax  1685  and  3120  cm.-1.  (Notes,  8,  9,  and  10). 

D.  ±-Phenyl-\,2,4:-triazoline-3,5-dione.  A  100-ml.  three¬ 
necked  round-bottomed  flask,  equipped  with  a  dropping  funnel, 
a  gas  inlet  tube,  a  calcium  chloride-containing  drying  tube,  and 
a  magnetic  stirrer,  is  flushed  with  oxygen-free  nitrogen  (Note 
11).  To  the  flask  are  added  12  ml.  of  ethyl  acetate  (Note  12)  and 
4.4  g.  (0.025  mole)  of  4-phenylurazole  (Note  13),  and  the  stirrer 
is  started.  To  the  flask  is  added  2.5  g.  (2.75  ml.,  0.023  mole)  of 
f-butyl  hypochlorite  (Notes  14  and  15)  over  a  period  of  approxi¬ 
mately  20  minutes,  the  reaction  mixture  being  maintained 
close  to  room  temperature  by  means  of  a  bath  of  cold  water 
(Notes  16  and  17).  After  the  addition  is  complete,  the  resulting 
suspension  is  stirred  for  a  further  40  minutes  at  room  tem¬ 
perature.  The  reaction  mixture  is  transferred  to  a  100-ml.  one¬ 
necked  round-bottomed  flask,  and  the  solvent  is  removed  on  a 
rotary  evaporator,  keeping  the  temperature  below  40°.  The 
last  traces  of  solvent  are  removed  by  use  of  a  high-vacuum 
pump  (about  0.1  mm.).  The  product  is  sublimed  (Note  18) 
onto  an  ice-cooled  cold  finger  under  vacuum  (100°  at  0.1  mm.). 
Carmine-red  crystals,  which  decompose  (165-175°)  before 
melting,  are  obtained.  The  yield  is  2. 7-2. 8  g.  (62-64%);  rmax 
1760  and  1780  cm.-1;  Amax  (dioxane)  247  (e  2300),  310  (1020), 
and  532  nm.  (171)  (Notes  19  and  20). 

2.  Notes 

1.  Both  the  hydrazine  hydrate  and  diethyl  carbonate  were 
British  Drug  Houses  Ltd.  or  Matheson  Laboratory  reagent 
grade  and  were  used  without  further  purification. 

2.  A  fore-run  of  approximately  100  ml.,  boiling  below  80 
(18  mm.),  is  also  collected.  This  contains  ethanol,  water,  and 
unreacted  starting  materials. 


124 


ORGANIC  SYNTHESES— VOL.  51 


3.  An  efficient  stirrer  should  be  employee!,  since  the  reaction 
mixture  becomes  quite  viscous,  and  if  efficient  mixing  is  not 
maintained  a  violent  reaction  can  occur.  This  is  especially 
important  when  using  aliphatic  isocyanates. 

4.  British  Drug  Houses  Ltd.  or  Amend  Drug  &  Chemical  Co., 
Inc.  reagent-grade  benzene,  dried  over  sodium  wire,  is  adequate. 

5.  British  Drug  Houses  Ltd.  or  Matheson  Laboratory  reagent- 
grade  phenyl  isocyanate  was  used  without  further  purification. 
When  using  other  isocyanates,  care  should  be  taken  to  ensure 
their  purity  as  the  yield  is  greatly  dependent  upon  this,  com¬ 
mercially  available  p-nitrophenyl  isocyanate  being  a  case  in 
point. 

6.  The  submitters  report  a  similar  yield  on  a  scale  three  times 
that  illustrated  here.  This  method  has  been  employed  for  the 
preparation  of  the  4-methyl-  (100%,  m.p.  143°  from  ethyl 
acetate),  4-Cbutyl-  (100%,  m.p.  147°  from  ethyl  acetate),  and 
4-p-nitrophenyl-l-carbethoxysemicarbazide  (90%,  m.p.  219° 
from  methanol).  Because  of  the  impure  nature  of  commercial 
p-nitrophenyl  isocyanate,  the  product  from  that  reaction  may 
be  contaminated  with  p-nitrophenylurea.  It  can  be  used  in  this 
impure  form  for  preparing  the  corresponding  urazole,  as  the 
contaminant  is  alkali  insoluble. 

7.  The  extraction  procedure  increases  the  yield  of  4-phenyl- 
urazole  by  about  6%.  This  step  is  unnecessary  when  preparing 
4-p-nitrophenylurazole,  as  it  is  insoluble  in  water. 

8.  This  method  has  been  used  to  prepare  4-methyl-  (90%, 
m.p.  240°  from  methanol)  and  4-p-nitrophenylurazole  (80%, 
m.p.  264°  from  ethanol). 

9.  4-f-Butyl- 1  -carbethoxysemicarbazide  can  be  cyclized  by 
refluxing  with  4%  sodium  ethoxide  in  ethanol  for  4  hours, 
followed  by  acidification  with  an  ethanolic  solution  of  hydrogen 
chloride.  Filtration,  evaporation  of  the  filtrate,  and  crystal¬ 
lization  from  ethyl  acetate  yields  4-Lbutyl urazole  (89%,  m.p 
168°). 

10.  4-Benzalaminourazole  (m.p.  255°)  can  be  prepared  from 
4-aminourazole2  by  condensation  with  benzaldehyde. 

11.  A  gentle  stream  of  nitrogen  is  maintained  through  the 
apparatus  during  the  entire  reaction.  Hydrogen  chloride  is 
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evolved  and  adequate  precautions  should  be  taken  to  prevent 
exposure  to  the  gas. 

12.  The  ethyl  acetate  was  purified  by  Fieser’s  method.3 

13.  The  4-phenylurazole  should  be  ground  with  a  pestle  and 
mortar  before  use. 

14.  f-Butyl  hypochlorite  was  prepared  by  the  method  de¬ 
scribed  in  Organic  Syntheses. 4 

15.  An  excess  of  f-butyl  hypochlorite  should  not  be  used,  as  it 
cannot  be  removed  and  it  interferes  with  the  sublimation  of  the 
product. 

16.  When  preparing  the  4-p-nitrophenyl  and  4-benzalamino 
analogs,  the  reaction  mixture  should  be  maintained  at  0-5°. 

17.  As  soon  as  the  first  drop  of  hypochlorite  is  added,  the 
reaction  mixture  becomes  red  in  color,  the  color  deepening  as 
the  addition  proceeds. 

18.  The  impure  material  has  a  limited  stability  and  should  be 
sublimed  as  quickly  as  possible.  The  scale  of  the  reaction  should 
not  be  greatly  increased  unless  an  efficient  large  subliming 
apparatus  is  available.  The  submitters  report  similar  yields  on 
experiments  four  times  this  scale. 

19.  The  product  has  a  shelf  life  of  several  months  if  stored  in 
the  dark  in  a  refrigerator. 

20.  This  method  has  been  used  to  prepare  4-methyl-  [sub¬ 
limed  at  50°  (0.1  mm.),  85%,  m.p.  104°],  44-butyl-  [50°  (0.1 
mm.),  80%,  m.p.  119°],  4-^-nitrophenyl-  [100°  (0.1  mm.), 
25%,  m.p.  130°],  and  4-benzalamino- 1, 2, 4-triazoline-3,5-dione 
[100°  (0.1  mm.),  75%]. 

3.  Discussion 

Ethyl  hydrazinecarboxylate  has  been  prepared  from  hydra¬ 
zine  hydrate  and  ethyl  N-tricarboxylate  in  good  yield.5  The 
method  described  here  is  comparable  in  efficiency  but  has  the 
added  advantage  that  both  starting  materials  are  commercially 

available. 

The  methods  for  preparing  4-phenyl-  1-carbethoxysemi- 
carbazide  and  4-phenylurazole  have  been  described  in  principle 
by  Zinner  and  Deucker.6  4-Phenylurazole  has  also  been  pre¬ 
pared  from  biurea  and  aniline  hydrochloride;7'8  the  method, 
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however,  is  unreliable,  with  yields  varying  from  0  to  20%. 
4-Substituted  urazoles  have  also  been  made  by  heating  the 
corresponding  N,N'-disubstituted  diamides  of  hydrazodicar- 
boxylic  acid,9  but  the  results  are  difficult  to  reproduce. 

4-Phenyl- 1, 2, 4-triazoline-3,5-dione  has  been  prepared  by 
oxidizing  4-phenylurazole  with  lead  dioxide,7  and  with  ammoni- 
acal  silver  nitrate  followed  by  an  ethereal  solution  of  iodine.8 
The  yields  are  low  for  both  methods.  4-Substituted  triazoline- 
diones  can  also  be  made  by  oxidation  of  the  corresponding 
urazole  with  fuming  nitric  acid9  or  dinitrogen  tetroxide.10 
Oxidation  by  i-butyl  hypochlorite  in  acetone  solution  has  also 
been  described;11-12  it,  however,  yields  an  unstable  product, 
even  after  sublimation.  Either  dioxane12  or  ethyl  acetate  are 
preferred  as  solvents  for  the  reaction,  since  the  product  is 
obtained  in  a  stable  form.  The  latter  solvent  is  superior  since 
4-phenylurazole  has  a  greater  solubility  in  it. 

In  common  with  other  azodicarboxylic  acid  derivatives,  the 
uses  ol  4-phenyl-l,2,4-triazoline-3,5-dione  are  many.  It  under¬ 
goes  a  Diels- Alder  reaction  with  most  dienes11-14  and  is,  in  fact, 
the  most  reactive  dienophile  so  far  reported.15-16  As  with  the 
formation  of  all  Diels- Alder  adducts  the  reaction  is  reversible, 
and  in  the  case  of  the  adduct  with  3-^-acetoxy-17-cyano-5,14,16- 
androstatriene,  the  reverse  reaction  can  be  made  to  proceed 
under  especially  mild  conditions.14  An  instance  has  also  been 
reported  of  the  dione  photochemically  catalyzing  other  retro 
Diels- Alder  reactions.17  Along  with  the  proven  use  of  azo¬ 
dicarboxylic  ester,18-19  the  dione  should  be  potentially  important 
in  the  preparation  of  strained  ring  compounds. 

4-Phenyl- 1, 2, 4-triazoline-3,5-dione  also  undergoes  “addition- 
abstraction”  reactions  (e.g.,  with  acetone17).  As  would  be 
expected  for  such  a  species,  it  will  oxidize  alcohols  to  the 
corresponding  aldehydes  or  ketones.20  This  oxidation  is 
especially  mild  (room  temperature  in  benzene,  chlorobenzene  or 
ethyl  acetate)  and  so  is  a  valuable  method  of  oxidizing,  or 
preparing,  compounds  sensitive  to  acid,  base,  or  heat. 
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1.  Procedure 

Caution:  This  preparation  should  he  carried  out  in  an  efficient 
hood  to  avoid  exposure  to  ammonia. 

A  1-1.  three-necked  flask  is  equipped  with  an  air  condenser 
(Note  1),  a  ball-sealed  mechanical  stirrer,  and  a  glass  stopper. 
The  stopper  is  removed,  and  800  ml.  of  anhydrous  liquid 
ammonia  is  introduced  from  a  cylinder  through  an  inlet  tube. 
The  tube  is  removed  and  replaced  by  the  stopper.  To  the  stirred 
ammonia  is  added  a  small  piece  of  sodium.  After  the  appearance 
of  a  blue  color  a  few  crystals  of  ferric  nitrate  hydrate  (about 
0.25  g.)  are  added,  followed  by  small  pieces  of  freshly  cut  sodium 
until  18.4  g.  (0.80  g.  atom)  has  been  added.  After  the  formation 
of  sodium  amide  is  complete  (Note  2),  the  glass  stopper  is 
replaced  by  a  pressure-equalizing  dropping  funnel  containing 
40.0  g.  (0.400  mole)  of  2,4-pentanedione  (Note  3)  in  30  ml.  of 
anhydrous  ether.  The  top  of  the  addition  funnel  is  fitted  with  a 
nitrogen  inlet  tube.  The  reaction  flask  is  immersed  at  least  3 
inches  into  a  dry  ice-acetone  bath  (Note  4),  and  simultaneously 
the  slow  introduction  of  dry  nitrogen  through  the  inlet  tube 
is  begun.  After  the  reaction  mixture  is  cooled  thoroughly 
(about  20  minutes),  the  solution  of  2,4-pentanedione  is  added 
intermittently  in  small  portions  (Note  4)  over  10  minutes.  The 
cooling  bath  is  then  removed,  and  the  nitrogen  flow  is  stopped. 
After  30  minutes  the  addition  funnel  is  removed  and  63.3  g. 
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(0.200  mole)  of  diphenyliodonium  chloride  (Note  5)  is  added 
through  Gooch  tubing  from  an  Erlenmeyer  flask  over  15-25 
minutes  (Note  6).  The  reaction  mixture  is  stirred  for  6  hours, 
during  which  time  gradual  evaporation  of  ammonia  occurs.  The 
Gooch  tubing  is  replaced  by  an  addition  funnel  and  400  ml.  of 
anhydrous  ether  is  added.  The  remaining  ammonia  is  removed 
by  cautious  heating  on  a  warm-water  bath.  After  the  ether  has 
distilled  gently  for  15  minutes,  the  flask  is  cooled  in  an  ice- 
water  bath,  and  200  g.  of  crushed  ice  is  added.  A  mixture  of 
60  ml.  of  concentrated  hydrochloric  acid  and  10  g.  of  crushed 
ice  is  then  added.  The  reaction  mixture  is  stirred  until  the  solid 
material  has  dissolved  (Note  7)  and  then  is  transferred  to  a 
separatory  funnel,  the  flask  being  washed  with  a  little  ether  and 
dilute  hydrochloric  acid.  The  ethereal  layer  is  separated,  and 
the  aqueous  layer  (Notes  8  and  9)  is  shaken  three  times  with 
50-ml.  portions  of  ether.  The  combined  ethereal  extracts  are 
dried  over  anhydrous  magnesium  sulfate.  After  filtration  and 
removal  of  the  solvent,  the  residual  oil  is  purified  by  vacuum 
distillation  to  give  21.0-22.5  g.  (60-64%)  (Note  10)  of  1-phenyl- 
2,4-pentanedione,  b.p.  133-136°  (10  mm.),  as  a  colorless  to 
light  yellow  liquid  (Note  11). 

2.  Notes 

1.  The  flask  is  insulated  by  wrapping  with  cloth  towels  in 
order  to  reduce  the  rate  of  ammonia  evaporation.  In  addition 
the  towels  exclude  light  thus  reducing  the  photolytic  production 
of  iodine  from  diphenyliodonium  chloride  and  the  reaction 
products. 

2.  Conversion  to  sodium  amide  is  indicated  by  the  dis¬ 
appearance  of  the  blue  color.  This  generally  requires  about  20 
minutes. 

3.  2 ,4-Pentanedione,  obtained  from  Aldrich  Chemical  Com¬ 
pany,  Inc.,  was  dried  over  potassium  carbonate  and  distilled 
before  use,  the  fraction  b.p.  133-135°  being  used. 

4.  The  addition  of  2,4-pentanedione  to  liquid  ammonia  is  a 
highly  exothermic  process.  Also,  ammonia  vapor  reacts  with  the 
/Tdiketone  to  produce  an  insoluble  ammonium  salt,  which 
tends  to  clog  the  tip  of  the  addition  funnel.  Cooling  the  reaction 
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mixture  in  a  dry  ice-acetone  bath  reduces  the  vigor  of  the  re¬ 
action  and  minimizes  the  clogging  of  the  addition  funnel.  The 
2,4-pentanedione  should  be  added  in  spurts  which  fall  on  the 
surface  of  the  reaction  mixture  rather  than  on  the  wall  of  the 
flask. 

5.  Diphenyliodonium  chloride  prepared  by  the  method  of 
Beringer  and  co-workers  was  used.4  The  diphenyliodonium 
chloride  can  also  be  prepared  by  the  method  described  in 
Organic  Syntheses ,5  or  may  be  purchased  from  Aldrich  Chemical 
Company,  Inc. 

6.  If  the  addition  is  too  fast,  the  reaction  mixture  will  foam 
out  of  the  flask. 

7.  A  little  diphenyliodonium  salt  may  remain  which  will  not 
dissolve.  It  will  settle  between  the  layers. 

8.  The  aqueous  layer  should  be  acidic  to  litmus  paper.  If  it  is 
basic,  more  hydrochloric  acid  should  be  added  until  an  acidic 
test  is  obtained. 

9.  The  ethereal  solution  is  usually  dark  but  should  not  have  a 
purple  color.  A  purple  color  indicates  the  presence  of  iodine. 
Iodine  can  arise  by  light-catalyzed  reaction  in  the  latter  stages 
of  the  reaction  and  during  isolation  of  the  product.  For  this 
reason  the  reaction  should  be  shielded  from  strong  light.  In 
addition  it  is  advisable  for  the  ether  employed  in  the  reaction 
mixture  to  be  peroxide-free.  If  iodine  is  present  in  the  reaction 
product,  it  must  be  removed  by  extraction  with  aqueous 
sodium  thiosulfate  solution  since  an  adequate  separation  is  not 
obtained  by  distillation. 

10.  The  submitters  have  obtained  the  product  in  yields  as 
high  as  92%  by  a  similar  procedure  and  85-91%  by  this  pro¬ 
cedure  on  this  scale.  The  yield  is  calculated  with  the  assumption 
that  only  one  of  the  phenyl  groups  of  diphenyliodonium  ion  is 
available  for  phenylation.  This  is  not  rigorously  true;  however, 
the  magnitude  of  error  is  not  great.6 

11.  A  fore-run  of  2,4-pentanedione  and  iodobenzene,  b.p. 
32-92  (35  mm.),  is  obtained  and  then  the  pressure  is  reduced 
to  10  mm.  The  purity  of  the  product  may  be  demonstrated  by 
gas  chromatography  at  1 30°  using  a  1 80-cm.  column  packed  with 
silicone  gum  rubber  (Hewlett-Packard  Co.).  The  chromatogram 
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obtained  showed  only  traces  of  iodobenzene  and  3-phenyl-2,4- 
pentanedione. 


3.  Discussion 

The  method  described  is  that  of  Hampton,  Harris,  and 
Hauser6  and  is  an  improvement  over  the  benzyne  method, 
which  gives  poor  yields.6,7  This  /3-diketone  has  been  prepared  by 
Claisen  condensation  of  ethyl  phenylacetate  with  acetone,8 
but  the  yield  is  poorer  and  the  product  has  been  shown  by  gas 
chromatography  to  be  impure.6  The  /3-diketone  has  also  been 
prepared  by  the  hydrolysis  of  4-methoxy-5-phenyl-3-penten-2- 
one9  and  by  hydrolysis  and  decarboxylation  of  ethyl  a-acetyl- 
/S-oxo-y-phenylbutyrate10  but  these  compounds  are  more 
difficult  to  obtain  than  the  starting  materials  used  in  the  present 
synthesis. 

This  procedure  represents  a  novel,  convenient,  and  fairly 
general  method  for  preparing  y-aryl-/3-diketones.  By  this  method 
the  submitters  have  phenylated  the  dianion  of  1 -phenyl- 1,3- 
butanedione  (61%),  2,4-heptanedione  (98%),  2,4-nonanedione 
(78%),  2,4-tridecanedione  (53%),  and  3,5-heptanedione  (50%). 6 
Substituted  diaryliodonium  salts  have  also  been  used  to 
produce  l-(4-chlorophenyl)-2,4-pentadione  (44%),  4-(4-methyl- 
phenyl)-l-phenyl-l,3-butanedione  (44%),  and  l-(4-methyl- 
phenyl)-2,4-nonanedione  (21%). 6  Under  these  conditions  no 
more  than  a  trace,  if  any,  of  arylation  at  the  a-position  of  the 
/3-diketones  was  observed  by  gas  chromatography  analysis. 

Although  the  phenylation  of  monoanions  of  /3-diketones  does 
not  proceed  at  a  significant  rate  under  the  present  conditions, 
phenylation  of  monoanions  using  diphenyliodonium  salts 
under  somewhat  more  vigorous  conditions  has  been  observed. 
The  monoanions  of  5,5-dimethyl-l,3-cyclohexanedione,11,12 
dibenzoylmethane, 1 1  tribenzoylmethane,11  1,3-indandione,13 
2-mesityl- 1,3-indandione, 14  and  2-phenyl-l,3-indandione13  have 
been  phenylated  to  give  the  mono-  or  diphenylated  products. 
Ketoesters  such  as  ethyl  l,3-indandione-2-carboxylate,13  ethyl 
cyclohexanone-2-carboxylate,15  and  other  esters  such  as  ethyl 
phenylacetate,15  ethyl  diphenylacetate,15  diethyl  acetamido- 
malonate,15  diethyl  ethylmalonate,15  diethyl  phenylmalonate,15 
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and  diethyl  malonate16  have  been  arylated  in  fair  to  good  yields. 
Kornblum  and  Taylor  have  also  found  that  nitroalkanes  can  be 
phenylated  in  54-69%  yield.  These  include  1-nitropropane, 
2-nitropropane,  2-nitrobutane,  2-nitrooctane,  nitrocyclohexane, 
and  ethyl  a-nitrocaproate.17 
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QUADRICYCLANE 
(Tetracyclo[3.2.0.0.2,704  6]heptane) 


//  sensitizer 


hv 


Submitted  by  Claibourne  D.  Smith1 
Checked  by  A.  J.  Taggi  and  J.  Meinwald 


1.  Procedure 


In  a  Hanovia  550-watt  immersion  photochemical  reactor 
(Note  1)  equipped  with  a  magnetic  stirrer  and  water  condenser 
(Note  2)  are  placed  1  1.  of  diethyl  ether,  180  g.  (1.96  moles)  of 
bicyclo[2. 2.  l]hepta-2, 5-diene  (Note  3),  and  8  g.  of  acetophenone. 
The  system  is  flushed  briefly  with  a  stream  of  nitrogen  and  then 
irradiated  for  about  36-48  hours  (Note  4).  After  irradiation,  the 
ether  is  removed  by  distillation  through  a  20-cm.  Vigreux 
column  (Note  5).  The  residue,  a  clear  liquid  weighing  about 
185  g.,  is  distilled  through  a  spinning-band  column  under 
reduced  pressure  (Note  6).  Quadricyclane  is  obtained  as  a 
colorless  liquid,  b.p.  70°  (200  mm.).  The  yield  is  126-145  g. 
(70-80%)  (Note  7). 


2.  Notes 


1.  The  reactor,  manufactured  by  the  Hanovia  Division  of 
Engelhard  Industries,  consists  of  a  water- jacketed  Pyrex  well 
through  which  a  stream  of  water  is  continuously  passed.  The 
well  is  placed  in  an  appropriately  shaped  flask  containing  the 
solution  to  be  irradiated.2  The  essentially  cylindrical  flask  is 
equipped  with  a  side  arm  near  the  top  which  is  connected  to  a 
water-cooled  condenser.  There  should  be  sufficient  clearance 
between  the  bottom  of  the  well  and  the  flask  to  allow  a  magnetic 
stirring  bar.  The  flask  is  so  designed  that  the  liquid  level  is 
above  the  top  of  the  lamp. 
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2.  A  source  of  nitrogen  is  attached  to  the  top  of  the  condenser 
to  protect  the  system  from  oxygen.  The  condenser  serves  as  a 
safeguard  in  case  the  temperature  of  the  system  exceeds  the 
boiling  point  of  the  solvent. 

3.  Bicyclo[2. 2. l]hepta-2, 5-diene  was  obtained  from  Shell 
Chemical  Company  and  can  be  \ised  as  supplied.  However,  if  the 
diene  is  distilled  it  should  be  used  at  once.  The  uninhibited 
diene  may  form  a  white,  insoluble  polymer  or  peroxide  if 
allowed  to  stand  in  the  presence  of  air  and  light.  The  use  of 
undistilled  diene  results  in  a  slightly  lower  yield  of  quadricy- 
clane.  The  checkers  used  bicyclo[2. 2. l]hepta-2, 5-diene  supplied 
by  the  Aldrich  Chemical  Company,  Inc.  This  was  distilled 
prior  to  use  to  give  a  pime  sample,  b.p.  89-90.5°,  n26 -5d  1.4680. 

4.  Other  sensitizers  (acetone;  benzophenone)  can  be  used  with 
slightly  reduced  yields.  The  reaction  may  be  monitored  by 
removing  aliquots  and  analyzing  by  gas  chromatography  or 
n.m.r.  For  gas  chromatography  analysis  a  2-m.  column  con¬ 
taining  20%  by  weight  of  l,2,3-tris(2-cyanoethoxy)propane 
suspended  on  Gas  Chrome  R  (60-80  mesh)  is  used  at  a  tem¬ 
perature  of  75°  with  a  flow  rate  of  85  ml. /minute  of  helium.  The 
retention  time  for  quadricyclane  is  5.2  minutes.  For  n.m.r. 
analysis  the  disappearance  of  the  absorption  of  the  olefinic 
protons  at  6.75  p.p.m.  is  followed. 

Lower  wattage  lamps  can  be  used,  although  the  irradiation 
time  would  be  somewhat  longer.  The  checkers  found  this 
reaction  to  be  almost  complete  in  about  half  this  time;  lamp  age 
and  other  similar  factors  will  cause  appreciable  variation  in  the 
irradiation  time  required. 

5.  Rapid  distillation  of  the  solvent  may  slightly  reduce  the 
yield  of  product. 

6.  The  only  volatile  impurity  at  this  point  is  bicyclo[2.2.1]- 
hepta-2, 5-diene.  If  the  irradiation  has  been  carried  out  for  a 
sufficient  period  of  time,  the  amount  of  diene  present  is  less  than 
2%.  Distillation  through  an  efficient  column  will  remove  most 
of  the  diene  [bicyclo[2. 2. l]hepta-2, 5-diene,  b.p.  91°  (760  mm.), 
51°  (200  mm.)].  Traces  of  acid3  and  noble  metal  ions  and  com¬ 
plexes4  may  cause  quadricyclane  to  isomerize  to  the  diene.  The 
checkers  used  a  60-cm.  Teflon-coated  spinning-band  column 
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available  from  Nester-Faust  Corporation.  The  submitter  used  a 
similar  43-cm.  column. 

7.  The  checkers  found  n26D  1.4830  (lit.1 2 3 4 5  ?i26  5d  1.4830)  for 
the  distillate.  The  n.m.r.  spectrum3 7  shows  two  peaks  at  1.41 
(6H)  and  2.00  p.p.m.  (2H).  No  olefinic  absorption  was  detectable. 
The  infrared  spectrum  (carbon  tetrachloride  solution)  shows 
three  unusually  well-resolved  bands  in  the  C-H  stretching 
region  at  3069,  2929,  and  2852  cm.-1. 


3.  Discussion 

Quadricyclane  may  be  prepared  by  direct  irradiation  of  bi- 
cyclo[2. 2. l]hepta-2, 5-diene3  and  2,3-diazatetracyclo[4.3.0.0.4'8- 
07,9]non-2-ene6  or  by  photosensitized  isomerization  of  bicyclo- 
[2.2. l]hepta-2, 5-diene.5'7  Several  substituted  quadricyclanes 
have  been  prepared  by  direct  irradiation8-11  and  by  photo¬ 
sensitization.12-14  The  procedure  described  above  can  be  used 
to  isomerize  substituted  bicycloheptadienes  to  the  corresponding 
quadricyclanes  when  traces  of  sensitizers  can  be  conveniently 
removed  or  their  presence  does  not  interfere  with  further  use  of 
the  quadricyclane. 

Quadricyclane  is  a  highly  strained  and  reactive  compound.  It 
reacts  readily  with  acetic  acid  to  give  a  mixture  of  nortricyclyl 
acetate  and  ezo-norbornyl  acetate  and  with  bromine  to  yield  a 
mixture  of  2,6-dibromonortricyclene  and  exo-5-anti-l -dibro- 
monorbornene.3  Quadricyclane  undergoes  cycloaddition  re¬ 
actions  with  a  variety  of  dienophiles  to  give  1 : 1  adducts.15 
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2.  C.  D.  DeBoer,  N.  J.  Turro,  and  G.  S.  Hammond,  Org.  Syn.,  47,  64  (1967). 

3.  W.  G.  Dauben  and  R.  L.  Cargill,  Tetrahedron,  15,  197  (1961). 

4.  H.  Hogeveen  and  H.  C.  Volger,  J .  Amer.  Chem.  Soc.,  89,  2486  (1967). 
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1,2,3,4-TETRAHYDRO-p-CARBOLINE 
(9H-Pyrido[3,4-b]indole,  1,2,3,4-tetrahydro-) 

CH2CH2NH3Cr 

+  CHO 


Lj 

H 


C02H-H20 

pH  4 


Submitted  by  Beng  T.  Ho  and  K.  E.  Walker1 
Checked  by  S.  Teitel,  J.  O’Brien,  and  A.  Brossi 

1.  Procedure 

In  a  1-1.  Erlenmeyer  flask,  25  g.  (0.13  mole)  of  tryptamine 
hydrochloride  (Note  1)  is  dissolved  with  stirring  in  400  ml.  of 
water  by  warming  on  a  steam  bath  to  approximately  45°.  After 
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cooling  to  room  temperature,  a  solution  of  13.2  g.  (0.14  mole) 
of  glyoxylic  acid  monohydrate  (Note  2)  in  30  ml.  of  water  is 
added  followed  by  the  slow  addition  (about  3  minutes)  of  a 
cooled  solution  of  7.05  g.  (0.126  mole)  of  potassium  hydroxide  in 
35  ml.  of  water  (Note  3).  Precipitation  of  tetrahydro-^-carbo- 
line-1 -carboxylic  acid  takes  place  during  the  addition  of  the 
potassium  hydroxide  solution  or  soon  thereafter.  After  stirring 
at  ambient  temperature  for  1  hour,  the  solid  is  collected  on  a 
filter  and  washed  thoroughly  with  100  ml.  of  water.  The 
damp  filter  cake  is  transferred  to  a  1-1.  beaker,  suspended  in 
240  ml.  of  water  and  34  ml.  of  concentrated  hydrochloric  acid  is 
slowly  added  (Note  4)  with  stirring.  The  mixture  is  boiled  on  a 
hot  plate  for  30  minutes,  and  then  an  additional  35  ml.  of 
concentrated  hydrochloric  acid  is  added.  Heating  is  continued 
for  another  15  minutes,  and  the  resulting  solution  is  allowed  to 
cool  to  room  temperature.  The  precipitated  hydrochloride  salt  is 
collected  on  a  filter  and  washed  with  30  ml.  of  water.  The  pro¬ 
duct  is  dissolved  with  stirring  in  400  ml.  of  water  by  warming 
on  a  steam  bath  to  approximately  55°,  and  the  solution  is 
adjusted  to  pH  12  with  20%  aqueous  potassium  hydroxide 
(approximately  50  ml.  is  required).  After  cooling  to  room 
temperature,  the  product  is  collected  by  suction  filtration, 
washed  with  400  ml.  of  water  and  dried  in  a  vacuum  desiccator 
over  phosphorus  pentoxide.  The  yield  of  l,2,3,4-tetrahydro-/3- 
carboline  is  17.0-17.6  g.  (78-80%);  m.p.  204-205°  (Note  5); 
n.m.r.  spectrum  (dimethylsulfoxide-d6) :  2.70  (triplet,  2H,  CH2), 
2.72  (singlet,  1H,  NH),  3.00  (triplet,  2H,  NCH2),  3.85  (singlet, 
2H,>CCH2N),  6.80-7.50  (multiplet,  4H,  aromatic  H),  and 
10.53  p.p.m.  (singlet,  1H,  NH). 

2.  Notes 

1.  The  checkers  used  tryptamine  hydrochloride  (m.p.  253- 
255°)  purchased  from  Regis  Chemical  Company. 

2.  Glyoxylic  acid  monohydrate  is  available  from  Pierce 

Chemical  Company . 

3  The  resulting  solution  should  have  a  pH  between  3.5  anc 
4.0;  if  not,  it  should  be  adjusted  with  either  potassium  hydroxide 
or  hydrochloric  acid  solution. 
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4.  If  all  the  hydrochloric  acid  solution  is  added  at  once, 
foaming  makes  the  reaction  unmanageable. 

5.  The  melting  point  agrees  with  that  of  the  literature3  and 
is  unchanged  on  recrystallization  of  the  product  from  ethanol. 

3.  Discussion 

l,2,3,4-Tetrahydro-/Tcarboline  has  been  prepared  by  the 
condensation  of  tryptamine  with  formaldehyde  in  the  presence 
of  sulfuric  acid1 2  and  has  also  been  obtained  as  a  by-product  in  the 
acid-catalyzed  esterification  of  l,2,3,4-tetrahydro-/3-carboline- 
1-carboxylic  acid.3 

The  described  two-step  procedure  is  uncomplicated  and  can  be 
carried  out  in  1  day  to  give  in  good  yield  a  product  that  does  not 
require  any  further  purification.  This  procedure  has  been  used  for 
the  preparation  of  3-methyl-,  9-methyl-,  and  6-methoxy- 
l,2,3,4-tetrahydro-/3-carboline4  and  has  been  modified  to 
obtain  9-phenyl- 1,2, 3, 4-tetrahydro-/3-carboline. 5 6 7  The  method  is 
generally  applicable  to  the  preparation  of  other  1 -unsubstituted 
tetrahydro-/3-carbolines  providing  the  1 -carboxylic  acid  pre¬ 
cursor  is  not  insoluble  in  the  hot  acid  used  to  effect  decarboxy¬ 
lation. 

Reviews  of  the  chemistry  of  the  carbolines  have  been 
published.6,7 
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Houston,  Texas  77025. 

2.  E.  Spath  and  E.  Lederer,  Ber.,  63,  2102  (1930). 

3.  Z.  J.  Vejdglek,  V.  Trcka,  and  M.  Protiva,  J.  Med.  Pharm.  Chem  3  4“>7 
(1961). 

4.  B.  T.  Ho,  W.  M.  Mclsaac,  K.  E.  Walker,  and  V.  Estevez,  J.  Pharm.  Sci  57 
269  (1968). 

5.  B.  T.  Ho,  W.  M.  Mclsaac,  and  K.  E.  Walker,  J.  Pharm.  Sci.,  57,  1364  (1968). 

6.  W.  O.  Kermack  and  J.  E.  McKail,  in  R,  C.  Elderfieid,  “Heterocyclic 
Compounds,”  Vol.  7,  John  Wiley  &  Sons,  Inc.,  New  York,  1961,  p.  237. 

7.  R.  A.  Abramovitch  and  I.  D.  Spenser,  Advan.  Heterocycl.  Chem.,  3,  79  (1964). 


THIOPHENOLS  FROM  PHENOLS:  2-NAPHTHALENETHIOL 

(2-Naphthalenethiol) 

OH 

+  KOH  +  (CH3)2NCSC1 


^v^^OCN(CH3)2 


^\^OCN(CH3): 


0 

II 

SCN(CH3)2 


1.  KOH 

2.  HC1 


0 

II 

SCN(CH3)2 


Submitted  by  Melvin  S.  Newman  and  Frederick  W.  Hetzel1 
Checked  by  W.  Schilling,  R.  Keese,  and  A.  Eschenmoser 


1.  Procedure 

A.  O-2-Naphthyldimethylthiocarbamate.  A  solution  prepared 
by  dissolving  21.6  g.  (0.15  mole)  of  2-naphthol  (Note  1)  in  100  ml. 
of  water  containing  8.4  g.  (0.15  mole)  of  potassium  hydroxide  is 
cooled  below  10°  in  a  500-ml.  three-necked  flask  equipped  with  a 
stirrer,  a  thermometer,  and  a  125-ml.  addition  funnel.  A  solution 
of  24.8  g.  (0.20  mole)  of  dimethylthiocarbamyl  chloride  (Note  2) 
in  40  ml.  of  dry  tetrahydrofuran  (Note  3)  is  added  during  20-30 
minutes  to  the  stirred  solution  at  such  a  rate  that  the  tem¬ 
perature  never  exceeds  12°.  After  the  addition  is  complete,  the 
cooling  bath  is  removed  and  stirring  is  continued  for  10  minutes. 
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The  reaction  mixture  is  made  alkaline  with  50  ml.  of  10% 
potassium  hydroxide  solution  and  is  shaken  three  times  with 
100-ml.  portions  of  benzene.  The  organic  layers  are  combined, 
washed  with  a  saturated  sodium  chloride  solution,  and  dried  by 
filtration  through  anhydrous  magnesium  sulfate.  The  solvent 
is  removed  by  distillation  to  give  the  crude  product  that  is 
crystallized  from  75  ml.  of  absolute  methanol  to  yield  23.5- 
25.2  g.  (68-73%)  of  colorless  crystals  of  0-2-naphthyldimethyl- 
thiocarbamate,  m.p.  90-90.5°. 

B.  2 -Najohthalenethiol .  In  a  250-ml.  flask,  fitted  with  a  diffu¬ 
sion  tube2  and  swept  with  nitrogen,  is  placed  23.1  g.  (0.10  mole) 
of  0-2-naphthyldimethylthiocarbamate  (Note  4).  The  flask  is 
heated  at  270-275°  for  45  minutes  in  a  salt  bath  (Note  5).  After 
cooling,  a  solution  of  8.4  g.  (0.15  mole)  of  potassium  hydroxide 
in  10  ml.  of  water  and  75  ml.  of  ethylene  glycol  is  added  to  the 
flask.  The  diffusion  tube  is  replaced  by  a  condenser,  and  the 
mixture  is  heated  at  reflux  for  1  hour  (Note  6).  The  cooled 
reaction  mixture  is  poured  onto  150  g.  of  ice.  After  the  ice  has 
melted,  the  mixture  is  shaken  two  times  with  150-ml.  portions  of 
chloroform.  The  chloroform  layers  are  discarded,  and  the  aque¬ 
ous  layer  is  cautiously  acidified  with  concentrated  hydrochloric 
acid  (Note  7)  and  shaken  three  times  with  75-ml.  portions  of 
chloroform.  The  organic  layers  are  combined  and  dried  by 
filtration  through  anhydrous  magnesium  sulfate.  The  solvent 
is  removed  by  distillation  to  yield  13-15  g.  of  crude  product. 
Distillation  yields  10.3-12.8  g.  (71-80%)  of  pure  2-naphthalene- 
thiol,  b.p.  92-94°  (0.4  mm.),  m.p.  80-81°  (Note  8). 

2.  Notes 

1.  Practical  2-naphthol,  obtained  from  Matheson  Coleman 
and  Bell,  was  recrystallized  twice  from  benzene  to  m.p.  123- 
124°. 

2.  Dimethylthiocarbamyl  chloride  can  be  prepared  as  describ¬ 
ed  in  Org.  Syn.,  Coll.  Vol.  4,  310  (1963),  or  by  rapidly  adding 
740  g.  (10.5  moles)  of  chlorine  dissolved  in  3  1.  of  carbon  tetra¬ 
chloride  to  a  stirred  refluxing  suspension  of  2400  g.  (10  moles)  of 
tetramethylthiram  disulfide  (Note  9)  in  5  1.  of  carbon  tetrachlo¬ 
ride.  After  the  addition  is  complete,  approximately  one-half  of 
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the  solvent  is  removed  by  distillation.  The  reaction  mixture  is 
cooled,  filtered  to  remove  the  precipitated  sulfur,  and  further 
concentrated.  The  residue  is  distilled  to  yield  1980  g.  (80%)  of 
dimethylthiocarbamyl  chloride,  b.p.  65-68°  (0.2  nnn.). 

3.  See  Org.  Syn.,  46,  105  (1966)  for  a  warning  note  regarding 
the  purification  of  tetrahydrofuran. 

4.  Crude  0-2-naphthyldimethylthioearbamate  should  not  be 
used  in  this  step  as  the  yield  is  markedly  decreased. 

5.  The  salt  bath  is  described  in  Org.  Syn.,  Coll.  Vol.  4,  498 
(1963). 

6.  The  hydrolysis  should  be  performed  in  a  hood  because  of 
the  vigorous  evolution  of  climethylamine. 

7.  The  dilute  acid  solution  should  be  added  slowly  since 
foaming  results  from  the  evolution  of  carbon  dioxide. 

8.  Purification  can  be  accomplished  by  recrystallization  from 
methanol,  but  the  overall  yield  of  pure  material  is  65-70%. 

9.  Tetramethylthiram  disulfide  was  obtained  from  the 
Pennwalt  Corporation. 


3.  Discussion 

The  procedure  described  is  a  good  general  method1 2 3  for  obtain¬ 
ing  a  thiophenol  from  the  respective  phenol.  It  employs  three 
steps:  conversion  of  a  phenol  to  the  O-aryl  dialkylthiocarba- 
mate  by  treatment  with  dialky lthiocarbonyl  chloride;  pyrolysis 
of  the  O-aryl  dialkylthiocarbamate  to  the  S-aryl  dialkylthio- 
carbamate;  and  hydrolysis  of  the  latter  to  the  aryl  mercaptan. 

Previous  preparations  of  2-naphthalenethiol  have  included 
reduction  of  2-naphthylsulfonyl  chloride  with  zinc  and  acid4-5 
or  phosphorus  and  iodine.6’7  Alternatively,  2-naphthyldia- 
zonium  chloride  has  been  converted  to  the  thiol  using  potassium 
ethyl  xanthate  and  sodium  carbonate.8 

1.  B.  F.  Goodrich  Research  Center,  Brecksville,  Ohio  44141. 

2.  L.  F.  Fieser  and  M.  Fieser,  “Reagents  for  Organic  Synthesis,”  Vol.  1, 
John  Wiley  &  Sons,  Inc.,  New  York,  1967,  p.  105. 

3.  M.  S.  Newman  and  H.  A.  Karnes,  J.  Org.  Chem.,  31,  3980  (1966). 

4.  Y.  Schaafsma,  A.  F.  Bickel,  and  E.  C.  Kooyman,  Reel.  Trav.  Ghim.  Pays- 

Bas,  76,  180  (1957). 
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5.  J.  Jacques,  Bull.  Soc.  Chim.  Fr.,  231  (1955). 

6.  J.  Kiss  and  E.  Vinkler,  Acta  Univ.  Szeged.  Sect.  Sci.  Natur.  Acta  Chem. 
Phys.,  3,  75  (1950)  [C.A.,  47,  111a  (1953)]. 

7.  H.  Pitt,  U.S.  Patent  2,947,788  (1960)  [C.A.,  55,  462a  (1961)]. 

8.  O.  Dann  and  M.  Kokorudz,  Chem.  Ber.,  91,  172  (1958). 


TRIMETHYLOXONIUM  TETRAFLUOROBORATE 
(Oxonium  compounds,  trimethyloxonium  tetrafluoroborate) 

4(C2H5)2OBF3  +  6(CH3)20  +  3C1CH2CH  —  CH2 

xo/ 


3(CH3)30  +  BF4  -  +  4(C2H5)20  +  B(OCHCH2OCH3)3 

I 

CH2C1 

Submitted  by  T.  J.  Curphey1 

Checked  by  A.  Eschenmoser,  R.  Keese,  and  A.  Daniel 

1.  Procedure 

A  500-ml.  three-necked  flask  is  fitted  with  a  mechanical 
stirrer,  a  Dewar  condenser  (Note  1)  connected  by  a  T-tube  to  a 
mineral  oil  bubbler  and  a  source  of  dry  nitrogen,  and  a  gas  inlet 
tube  connected  to  a  source  of  dry  dimethyl  ether  (Note  2).  The 
flask  is  charged  with  80  ml.  of  methylene  chloride  and  38  4  o- 

**  O  * 

(34  ml.,  0.27  mole)  of  boron  trifluoride  diethyl  etherate  (Note  3). 
After  establishing  a  nitrogen  atmosphere  in  the  flask,  the 
condenser  is  filled  with  a  dry  ice-acetone  mixture.  With  gentle 
stirring,  dimethyl  ether  is  passed  into  the  solution  until  approxi¬ 
mately  75  ml.  has  collected  (Note  4).  The  gas  inlet  tube  is 
replaced  by  a  pressure-equalizing  dropping  funnel  containing 
28.4  g.  (24  ml.,  0.307  mole)  of  epichlorohydrin,  which  is  added 
dropwise  with  vigorous  stirring  over  a  15-minute  period.  The 
mixture  is  stirred  overnight  under  an  atmosphere  of  nitrogen 
(Note  5).  The  stirrer  is  replaced  by  a  filter  stick,  and  the  super¬ 
natant  liquid  is  drawn  off  from  the  crystalline  trimethyloxonium 
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tetrafluoroborate  while  keeping  the  mixture  under  nitrogen. 
The  oxonium  salt  is  washed  with  two  100-ml.  portions  of  an¬ 
hydrous  methylene  chloride  and  two  100-ml.  portions  of 
sodium-dried  diethyl  ether  (Note  6),  and  dried  by  passing  a 
stream  of  nitrogen  over  the  salt  until  the  odor  of  ether  is  no 
longer  detected.  The  yield  is  28-29  g.  (92.5-96.5%)  of  a  white 
crystalline  solid;  m.p.  (sealed  tube)  179.6-180.0°  with  de¬ 
composition  (Notes  7  and  8). 

2.  Notes 

1.  A  Kontes  K-45750  condenser  was  used. 

2.  Dimethyl  ether  and  nitrogen  were  dried  by  passage  through 
columns  of  Drierite.  Boron  trifluoride  etherate  (Eastman 
Practical  Grade)  was  redistilled.  Epichlorohydrin  (Eastman 
Organic  Chemicals)  and  methylene  chloride  (Fisher  Scientific 
Company)  were  used  as  received. 

3.  According  to  n.m.r.  analysis  the  use  of  boron  trifluoride 
diethyl  etherate  does  not  cause  any  detectable  introduction  of 
ethyl  groups  into  the  product. 

4.  This  may  conveniently  be  done  by  placing,  prior  to 
conducting  the  reaction,  a  mark  on  the  reaction  flask  at  a  level 
of  190  ml.,  and  collecting  dimethyl  ether  up  to  the  mark.  The 
exact  amount  of  dimethyl  ether  used  is  not  critical. 

5.  After  2-3  hours  of  stirring  the  reaction  appears  to  be  over, 
and  the  dry  ice  in  the  condenser  need  no  longer  be  renewed.  The 
reaction  mixture  may  be  worked  up  at  this  point  without 
appreciable  reduction  in  the  product  yield  or  purity. 

6.  According  to  analysis  by  n.m.r.  the  use  of  diethyl  ether 
at  this  point  does  not  cause  any  detectable  exchange  of  methyl 
by  ethyl  groups  in  the  oxonium  salt. 

7.  The  melting  point  of  trimethyloxonium  tetrafluoroborate 
apparently  depends  upon  the  procedure  by  which  it  is  prepared 
and  upon  the  method  of  melting-point  determination.  It  has,  for 
example,  been  reported  to  melt  at  124. 5°, 2  141-143°, 3  and  175°. 4 
The  n.m.r.  spectrum,  determined  in  liquid  sulfur  dioxide 
(purissimum  Fluka  AG),  in  a  sealed  tube  at  room  temperature 
shows  a  single  methyl  resonance  at  4.54  p.p.m.;  a  trace  of 
impurity  is  discernible  as  a  singlet  signal  at  3.39  p.p.m. 
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8.  When  prepared  as  described,  the  oxohium  salt  is  stable, 
nonhygroscopic,  and  may  readily  be  handled  in  the  air  for 
short  periods  of  time.  A  sample  kept  in  a  desiccator  over  Drierite 
for  1  month  at  — 20  showed  no  change  in  melting  point,  and 
batches  stored  in  this  manner  for  over  a  year  have  been  success¬ 
fully  used  for  alkylations. 


3.  Discussion 

Trialky loxonium  salts  were  first  discovered  by  Meerwein,2 
who  also  investigated  much  of  their  chemistry.  A  discussion  of 
the  literature  prior  to  1963  has  been  published.5  Simple  trialkyl- 
oxonium  cations  which  have  been  prepared,  other  than  tri- 
methyl,  include  triethyl,6  tri-w-propyl,7  and  tri-ra-butyl.8  Most 
commonly  the  anions  have  been  tetrafluoroborate  or  hexa- 
chloroantimonate.  Methods  used  to  prepare  trimethyloxonium 
tetrafluoroborate,  which  are  typical  of  the  class  as  a  whole, 
include  the  reaction  of  boron  trifluoride  with  epichlorohydrin  in 
the  presence  of  dimethyl  ether, 2’4-9  the  reaction  of  dimethyl- 
oxonium  tetrafluoroborate  with  diazomethane  or  diazoacetic 
ester,10  and  the  alkylation  of  dimethyl  ether  by  triethyloxonium 
tetrafluoroborate3  or  dimethoxycarbonium  tetrafluoroborate.11 
Several  of  these  reactions  involve  the  initial  formation  of  a 
mixed  oxonium  ion  [RiR2OCH3]  +  ,  which  then  methylates 
dimethyl  ether  to  produce  K^O  and  the  trimethyloxonium 
ion.  Of  the  available  procedures,  the  one  described  here  is 
probably  the  most  convenient,  involving  as  it  does  a  single-step 
preparation  from  inexpensive,  commercially  available,  and 
nonhazardous  reagents.  Under  the  proper  conditions  (Note  8), 
the  resulting  product  has  storage  properties  comparable  to  those 
of  the  less-accessible  trimethyloxonium  2,4,6-trinitrobenzene- 
sulfonate.12 

The  trialkyloxonium  salts  are  powerful  alkylating  agents. 
Trimethyl-  and  triethyloxonium  tetrafluoroborates,  in  partic¬ 
ular,  have  been  widely  employed  for  methylation  and  ethy¬ 
lation  of  sensitive  or  weakly  nucleophilic  functional  groups. 
Alkylations  of  over  50  such  functional  groups  have  been  reported 
in  the  literature.  Examples  include  amides, 4-7-13~15  lac- 
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tarns,4,15-18  sulfides,2,19  nitro  compounds,9  enols  and  enol- 
ates,2,20  ethers,3,7,21  phenols,2  sulfoxides,2,7  amine  oxides,2,7,22 
carboxylic  acids,2  lactones,2,4  ketones,2,15  metal  carbonyls,11,23 
thiophenes,24  and  phosphonitriles.25  Oxonium  salts  have  also 
been  advantageously  employed  as  quaternizing  agents  for  a 
variety  of  heterocyclic  amines.26-33  In  this  way  the  first 
diquaternary  salts  of  several  heterocyclic  diazines  have  been 
prepared,29,30  as  have  reagents  for  peptide  synthesis,32,33  for 
the  synthesis  of  polycyclic  ketones,31  and  for  cyanine  dyes.27 

One  of  the  major  advantages  of  oxonium  salts  is  that  alkyl¬ 
ations  can  be  effected  under  reaction  conditions  that  are 
generally  much  milder  than  those  necessary  with  the  more 
conventional  alkyl  halides  or  sulfonates.  Triethyloxonium 
tetrafluoroborate,  for  example,  has  usually  been  employed  at 
room  temperature  in  dichloromethane  or  dichloroethane 
solution.  Occasionally  chloroform16,22  or  no  solvent  at  all4,20  is 
used.  Difficult  alkylations  can  be  effected  in  refluxing  dichloro¬ 
ethane.29,30  The  less  soluble  trimethyloxonium  tetrafluoro¬ 
borate  has  been  used  as  a  suspension  in  dichloromethane  or 
dichloroethane,  or  as  a  solution  in  nitromethane  or  liquid  sulfur 
dioxide.  Reports  of  alkylations  in  water23  and  trifluoroacetic 
acicl21  have  also  appeared.  Direct  fusion  with  trimethyloxonium 
tetrafluoroborate  has  succeeded  in  cases  where  other  conditions 
have  failed.25,30 

Alkylations  by  oxonium  salts  have  added  several  new  weapons 
to  the  synthetic  chemist’s  armamentarium.  For  example,  the 
O-alkylated  products  from  amides  [R1C(OR)=NR2R3]  +  (R  = 
CH3  or  C2H5)  may  be  hydrolyzed  under  mild  conditions  to 
amines  and  esters,14,34  reduced  to  the  amines  RiCHaNRaRa 
by  sodium  borohydride,13  converted  to  amide  acetals 
RiCjORjaNRaRa  by  alkoxides,4,15  and  (for  R3  =  H)  deproton- 
ated  to  the  imino  esters  R1C(OR)=NR2 . 16-18  Amide  acetals  and 
imino  esters  are  themselves  in  turn  useful  synthetic  intermedi¬ 
ates.  Indeed,  oxonium  salts  transform  the  rather  intractable  amide 
group  into  a  highly  reactive  and  versatile  functionality,  a  fact 
elegantly  exploited  in  recent  work  on  the  synthesis  of  corrins.34 

Other  reagents  which  approach  or  exceed  the  oxonium  salts  in 
alkylating  ability  include  dialkoxycarbonium  ions,35  alkyl 
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trifluoromethanesulfonates,36  alkyl  fluorosulfonates,37  dialkyl- 
halonium  ions,38  and  alkyl  halides  in  the  presence  of  silver 
salts.24,36'39  In  terms  of  availability,  stability,  and  freedom  from 
hazards,24  however,  oxonium  salts  often  appear  to  be  the 
reagents  of  choice.  When  either  m ethylation  or  ethylation  is 
acceptable,  methylation  may  be  preferable.  Thus  triethyloxon- 
ium  tetrafluoroborate  must  be  stored  under  ether  and  handled  in 
a  dry  box,6  whereas  the  trimethyl  salt  can  be  stored  solvent-free 
in  the  freezing  compartment  of  a  refrigerator  and  dispensed  in 
the  open  atmosphere.  Moreover,  while  information  on  the  rela¬ 
tive  alkylating  ability  of  the  oxonium  salts  is  not  extensive,  a 
few  cases  have  been  reported  in  which  trimethyloxonium 
tetrafluoroborate  effected  alkylations  which  the  triethyl 
analog  did  not.19,30  The  trimethyloxonium  salt,  therefore, 
appears  to  be  the  more  potent  alkylating  agent. 
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bis(CHLOROMETHYL)  ETHER1 

9* 


HAZARD  NOTE 


Very  high  carcinogenic  activity  has  been  reported  for  bis- 
(chloromethyl)  ether  when  administered  to  rats  by  inhalation 
and  by  subcutaneous  injection.  This  compound  should  be 
handled  with  great  care. 

Reported  by  B.  L.  Van  Duuren,  A.  Sivak,  B.  M.  Goldschmidt, 
C.  Katz,  and  S.  Melchionne,  J.  Nat.  Cancer  Inst.,  43,  481  (1969). 


di-(jp-CHLOROPHENYL) ACETIC  ACID2 

CORRECTION 

In  the  first  line  of  Note  5,  p.  271,  l,l-di-(p-chlorophenyl)- 
ethylene  should  read 

1 , 1  -di  -  ( p-chlorophenyl  )-2, 2  -dichloroethyl  ene. 

Reported  by  B.  Stavric  and  G.  A.  Neville,  J.  Ass.  Offic.  Anal. 
Chem.,  53,  1270  (1970): 


1  Org.  Syn.,  Coll.  Vol.  4,  101  (1963). 

2  Org.  Syn.,  Coll.  Vol.  3,  271  (1955). 
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and  epichlorohydrin  to  give  tri- 
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Boron  trifluoride— acetic  acid,  with 
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Raney  nickel  alloy  in  formic  acid, 
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p-Chlorobenzaldehyde,  by  reduction 
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trans-  7, 8-Diacetoxybicyclo  [4.2.0]- 
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2-DIAZOCYCLOHEX ANONE,  51, 
86 

Diazomethane,  in  modified  Arndt- 
Eistert  reaction,  50,  77 

diazomethane,  bis(trifluo- 

ROMETHYL),  50,  6 
2 -Dl AZOPROPANE,  50,  5,  27 
Dibenzyl  sulfide,  50,  33 
Diborane,  reaction  in  situ,  50,  90 
a,a'-DlBROMODIBENZYL  SUL- 
FONE,  50,  31,  65 

exo-3,4-Dichlorobicyclo[3.2.1  ]  oct-2- 
ene,  from  norbornene  and  ethyl 
trichloroacetate,  5 1,  60 

1,4-Dichlorobutadiene,  50,  37 
cw-3,4-DICHLOROCYCLOBUTENE, 
50,  21,  36 

Diels- Alder  adduct,  pyrolysis,  50,  37 
Diels- Alder  reaction,  50,  37 
of  1,4-diacetoxy-l, 3-butadiene,  50, 
27 

using  3-sulfolene,  50,  47 
N,N-Diethylaniline,  cyanation,  50,  54 
DIETHYL  r-BUTYLMALONATE, 

50,  38 

Diethyl  carbonate,  with  hydrazine 
hydrate  to  give  ethyl  hydrazine- 
carboxylate,  5 1,  727 
Diethyl  fumarate,  as  a  dienophile,  50, 
43 

Diethyl  isopropylidenemalonate,  50, 
38 

Diethyl  malonate,  condensation  with 
acetone,  50,  39 

Diethyl  phosphorochloridate,  50, 10 
DIETHYL  trans- AA  -TETR AH YDRO- 
PHTHALATE,  50,  43 
1,2- Dihydronaphthalene,  with  iodine 
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isocyanate  and  methanol  to  give 
methyl  (tram-  2-iodo-l -tetralin)car- 
bamate,  51,  772 

trans- 1 ,2-DlHYDROPHTH ALIC  ACID, 

50,  50 

m-l,2-Dihydrophthalic  anhydride, 
50,57 

Diiododurene,  from  durene  and  iodine, 

51,  95 

Diiron  enneacarbonyl,  50,  27 

(3-DIKETONES  FROM  METHYL  AL¬ 
KYL  KETONES:  3-u-BUTYL-2,4- 
PENTANEDIONE,  51,  90 

2,6-Dimethoxybenzaldehyde,  by  re¬ 
duction  of  2,6-dimethoxybenzoni- 
trile  with  Raney  nickel  alloy  in 
formic  acid,  51,  23 

2.4- DlMETHOXYBENZONITRILE, 
50,52 

3.4- Dimethylbenzaldehyde,  by  reduc¬ 
tion  of  3,4-dimethylbenzoyl  chlo¬ 
ride,  51,  10 

N,N-Dimethyldodecylamine,  50,  56 

N,N-DlMETHYLDODECYL  AMINE 
OXIDE,  50,  56 

Dimethyl  ether,  with  boron  trifluoride 
diethyl  etherate  and  epichloro- 
hydrin  to  give  trimethyloxonium 
tetrafluoroborate,  51,  142 

N,N-Dimethylhydrazine,  50,  102 

4. 4- Dimethyl- 2-neopentylpentanal,  by 
oxidation  of  4 ,4-dimethyl- 2-neo- 
pentyl-l-pentene  with  chromyl 
chloride,  51,6 

2,2-Dimethyl-4-phenylbutyric  acid, 

50,  58 

2.4- Dimethyl-3-sulfolene,  in  Diels-Alder 
reaction,  50,  48 

3.4- Dimethyl-3-sulfolene,  in  Diels-Alder 
reaction,  50,  48 

Dimethylsulfoxide,  sodium  salt,  50,  62 

Dimethylthiocarbamyl  chloride,  syn¬ 
thesis  of,  51,  140 
with  2-naphthol  to  give  O- 2-naph¬ 
thyl  dimethylthiocarbamate,  51, 
139 

Dinitrogen  tetroxide,  50,  84 

Diphenylacetylene,  conversion  to 
diphenylbutadiene,  50,  63 


2, 3-DIPHENYL-1, 3-BUTADIENE, 

50,  62 

2.2- Diphenylethanal,  by  oxidation  of 
1 ,1-diphenylethylene  with  chro¬ 
myl  chloride,  51,6 

2.2- Diphenylethyl  benzoate,  from  2,2- 
diphenylethanol,  benzoyl  chlo¬ 
ride,  and  p-butyllithium,  5 1,  98 

Diphenyliodonium  chloride,  with  2,4- 
pen  tanedione  and  sodium  amide 
to  give  l-phenyl-2,4-pentanedione, 
51, 128 

a,a'-Diphenylthiodiglycolic  acid,  50, 
31 

2.3- DlPHENYLVINYLENE  sul- 
FONE,  50,  32,  34,  65 

DIRECT  IODINATION  OF  POLY- 
ALKYLBENZENES:  IODODUR- 
ENE,  51,  94 

1 .3- DITHIANE,  50,  72 

1.3- Dithiane,  with  l-bromo-3-chloro- 
propane  and  u-butyllithium  to 
give  5,9-dithiaspiro[3.5] nonane, 

51,  76 

5,9-Dithiaspiro[3.5] nonane,  from  1,3- 
dithiane,  l-bromo-3-chloropro- 
pane,  and  n-butyllithium,  51,  76 

2, 2 -Dl THIENYL  SULFIDE,  50,  75 
Diynes,  preparation,  50,  101 
DURENE,  IODO-,  51,  94 

Epichlorohydrin,  with  boron  trifluo¬ 
ride  diethyl  etherate  and  dimethyl 
ether  to  give  trimethyloxonium 
tetrafluoroborate,  51, 142 
ESTERIFICATION  OF  HINDERED 
ALCOHOLS:  f-BUTYL  p-TOLU- 
ATE,  51,  96 

Ethyl  diazoacetate,  as  source  of  car- 
bethoxycarbene,  50,  94 
Ethylene,  with  p-methoxyphenyl- 
acetyl  chloride  and  aluminum 
chloride  to  give  6-methoxy-/3- 
tetralone,  5 1, 109 
Ethyl  hydrazinecarboxylate,  from 
hydrazine  hydrate  and  diethyl 
carbonate,  5 1,  727 
Ethylidenecyclohexylamine,  50,  66 
Ethyl  1-iodopropionate,  from  ethyl 
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1-hydroxypropionate,  methyl  iodide, 
and  triphenyl  phosphite,  51,47 
Ethyl  1-naphthylacetate,  50,  77 

ethyl  pyrrole-2-carboxylate, 

51,  100 

Ethyl  trichloroacetate,  with  norbornene 
to  give  exo-3,4-dichlorobicyclo- 
[3.2.1  ]  oct-2-ene,  51,  60 

FORMIC  ACID,  AZIDO,  f-BUTYL  ES¬ 
TER,  50,  9 

Formylation  with  acetic  formic  anhy¬ 
dride,  50,  2 

p-FORMYLBENZENESULFON- 
AMIDE,  51,  20 
Formyl  fluoride,  50,  2 

Glyoxylic  acid,  with  tryptamine  to  give 
l,2,3,4-tetrahydro-/3-carboline,  5 1, 
136 

2-Heptanone,  with  acetic  anhydride, 
boron  trifluoride -acetic  acid  and  p- 
toluenesulfonic  acid  to  give  3 -n- 
butyl-2,4-pentanedione,  51,  90 
2,4-Hexadienenitrile,  50,  20 
Hexafluoroacetone  hydrazone,  50,  6 
HEXAFLUOROACETONE  (MINE,  50, 

6,  81 

Hexafluorothioacetone,  50,  83 
Hexamethylbicyclof  1.1.0]  butane,  from 
1 ,3-dibromohexamethylcyclobutane 
and  sodium-potassium  alloy,  51,  58 
Hexamethylphosphoramide,  50,  61 
«-Hexanal,  from  2-lithio-l,3,5-trithiane 
and  1-bromopentane,  51,  43 
Hunsdiecker  reaction,  modified;  for 
preparation  of  l-bromo-3-chloro- 
cyclobutane,  51, 106 
Hydrazine,  anhydrous,  50,  3,  4,  6 
reaction  with  hydrazones,  50,  102 
Hydrazine  hydrate,  50,  3 
Hydrazoic  acid,  safe  substitute  for,  50, 
107 

HYDRAZONES,  PREPARATION,  50, 
102 

Hydroboration,  of  2-methyl- 2-butene, 

50,  90 

HYDROCINNAMIC  ACID,  p-ACETYL- 


a-BROMO-,  51,  1 

HYDROGENATION  of  AROMAT¬ 
IC  NUCLEI:  1-DECALOL,  51, 
103 

Hydrogenolysis,  of  phenolic  ethers  to 
aromatics,  5 1,  85 
of  p-  ( 1  -phenyl-5-tetrazolyloxy  )bi- 
phenyl  with  palladium-on-char¬ 
coal  catalyst  to  biphenyl,  5  1,  Si 
Hydrolysis,  of  5,9-dithiaspiro [3.5]- 
nonane  to  cyclobutanone,  51,  77 
of  substituted  sym-trithianes  to 
aldehydes,  5 1,  42 

3-Hydroxycyclohexanecarboxylic 
acid,  from  3-hydroxybenzoic 
acid,  51, 105 

2-(Hydroxymethylene)cyclohexa- 
none  with  p-toluenesulfonyl 
azide  to  give  2-diazocyclohexa- 
none,  5 1,  86 

Imines  of  haloketones,  50,  83 
Iodides,  from  alcohols,  methyl  iodide, 
and  tri phenyl  phosphite,  51,  47 
Iodine  isocyanate,  from  silver  isocy¬ 
anate  and  iodine,  51,7/2 
IODOCYCLOHEX  ANE,  5  1,  45 
IODODURENE,  51,  94 
tra«s-|3-Iodoisocyanates,  general  syn¬ 
thesis  from  olefins  with  iodine 
isocyanate,  51,  114 
Iodometric  titration,  50,  17 
Iridium  tetrachloride,  in  modified 
Meerwein-Ponndorf  reduction, 

50,  13 

Iron  enneacarbonyl,  see  Diiron  ennea- 
carbonyl 

Irradiation  apparatus,  51, 133 
Irradiation,  of  bicyclo[2.2.1  ]  hepta-2, 
5-diene  to  give  quadricyclane,  51, 
133 

Isobutyric  acid,  alkylation,  50,  59 

Ketones,  preparation  using  1,3-dithi- 
ane,  50,  74,  51,  80 

Lead  tetraacetate,  oxidation  of  a  hy¬ 
drazone  to  a  diazo  compound, 

50,  7 
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Lithium,  reductions  in  amine  solvents, 
50,  89 

Lithium  aluminum  hydride,  reduction 
of  exo-3,4-dichlorobicyclo[  3.2.1  ]- 
oct-2-ene  to  3-chlorobicyclo[3.2.1]- 
oct-2-ene,  51,67 

Lithium  diisopropylamide,  50,  67 
Lithium  dimethylcuprate,  50,  41 

Meerwein  reaction,  preparation  of  p- 
acetyl-a-bromohydrocinnamic 
acid,  51,7 

Mercuric  acetate,  reaction  with  cyclo- 
octatetraene,  50,  24 
Mercuric  oxide,  use  in  oxidation  of 
hydrazones,  50,  28 
with  3-chlorocyclobutanecarboxylic 
acid  and  bromine  to  give  1-bromo- 
3-chlorocyclobutane,  51,  106 
MERCURIC  OXIDE-MODIFIED 
HUNSDIECKER  REACTION:  1- 
BROMO-3-CHLOROCYCLO- 
BUTANE,  51,  106 
Mesitylene,  cyanation,  50,  54 
Methallyl  alcohol,  with  phenylmercu- 
ric  acetate  to  yield  2-methyl-3- 
phenylpropionaldehyde,  51,  7  7 
ery  thro-  3  -Me  thanesulfon  yloxy-  2-bu  ty  1 
cyclobutanecarboxylate,  by  reac¬ 
tion  of  e/-jT/zro-2,3-butanediol 
monomesylate  with  cyclobutane- 
carbonyl  chloride,  51,72 
p-Methoxybenzaldehyde,  by  reduction 
of  p-methoxybenzonitrile  with 
Raney  nickel  alloy,  5 1,  22 

1- Methoxynaphthalene,  cyanation, 

50,  55 

2- Methoxynaphthalene,  cyanation, 

50,55 

3- Methoxy-4-nitrobenzaldehyde,  by 

reduction  of  3-methoxy-4-nitro- 
benzoyl  chloride,  51,  10 
p-  Methoxyphenylacetyl  chloride,  with 
ethylene  and  aluminum  chloride 
to  give  6-methoxy-|3-tetralone,  51, 
109 

6-METHOXY-/3-TETRALONE,  51,  109 
Methylal,  50,  72 

l-d-2-METHYLBUTANAL,  5  1,  31 


6is-(3-Methyl-2-butyl)borane,  50,  90 
N-  ( 1  -d-  2-  Me  thy  1  bu  ty  li  dene )- 1 , 1 , 3 , 3  - 
tetramethylbutylamine,  from  sec- 
butyllithium,  1,1,3,3-tetramethyl- 
butyl  isonitrile  and  deuterium 
oxide,  5 1,  33 

from  sec-butylmagnesium  bromide 
with  1,1,3,3-tetramethylbutyl 
isonitrile  and  deuterium  oxide, 

51,  35 

3-Methylcyclohexene,  from  2-methyl- 
cyclohexanone  tosylhydrazone 
and  methyllithium,  51,  69 
Methylenecyclopropanes,  50,  30 
Methyl  iodide,  with  triphenyl  phos¬ 
phite  and  cyclohexanol,  51,  45 
with  triphenyl  phosphite  and  neo¬ 
pentyl  alcohol,  51 ,44 
METHYL  f'frans-2-IODO-l-TETRA- 
LIN)CARBAMATE,  51,  772 
Methyl  (tra«s-2-iodo-l-tetralin)carba- 
mate,  with  potassium  hydroxide 
to  give  1,2,3,4-tetrahydronaph- 
thalene(l,2)imine,  51,5J 
Methyllithium,  with  camphor  tosyl¬ 
hydrazone  to  give  2-bomene,  5 1, 
66 

ether  solution,  50,  69 
standardizing,  50,  69 
Methylmagnesium  iodide,  1,4-addi¬ 
tion  in  the  presence  of  Cu(I),  50, 
39 

(S)-(->3-Methylpentanal,  from  2- 
lithio-l,3,5-trithiane  and  (S)-(+)- 
l-iodo-2-methylbutane,  51,  43 
3-Methyl-2,4-pentanedione,  from  2- 
butanone  and  acetic  anhydride, 
51,  93 

2- METHYL-3-PHENYLPROPION  AL¬ 

DEHYDE,  51,  77 

3- Methyl-3-phenylpropionaldehyde, 

from  crotyl  alcohol  and  phenyl- 
palladium  acetate,  51,  79 
3-Methyl-3-sulfolene,  in  Diels-Alder 
reaction,  50,  48 

naphthalene,  octahydro-, 

50,  88 

i-Naphthaleneacetic  acid, 
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ETHYL  ESTER,  50,  77 

1- NAPHTHALENE  CARBAMIC 

ACID,  1 ,2,3,4-TETRAHYDRO-2- 
IODO-,  methyl  ester,  51, 772 
Naphthalene-l-caxbonitrile,  50,  20 

2- Naphthalenecarboxaldehyde,  by  re¬ 

duction  of  2-naphthalenecarbo- 
nitrile,  51,  22 

NAPHTHALENE(l,2)IMINE,  1, 2,3,4- 
TETRAHYDRO-,  51,  53 
2-NAPHTHALENETHIOL,  51,  139 

1- Naphthol,  hydrogenation  to  1-deca- 

lol,  51,  103,  104 

2- Naphthol,  with  dimethylthiocarbamyl 

chloride  to  give  O-2-naphthyldi- 
methylthiocarbamate,  51, 139 
1-Naphthoyl  chloride,  50,  79 
1-Naphthylacetic  acid,  propyl  ester, 

50,  80 

O- 2-Naphthyl  dimethylthiocarbamate, 
from  2-naphthol  and  dimethyl¬ 
thiocarbamyl  chloride,  51, 139 
thermolysis  to  S- 2-naphthyl  dimethyl¬ 
thiocarbamate,  51,  140 
S- 2-Naphthyl  dimethylthiocarbamate, 
hydrolysis  with  potassium  hydrox¬ 
ide  to  2-naphthalenethiol,  51, 140 
Neopentyl  alcohol,  with  triphenyl 

phosphite  and  methyl  iodide,  51 ,44 
NEOPENTYL  IODIDE,  51,  44 
Nitriles,  from  carboxylic  acids,  50,  20 
Nitro  compounds,  preparation,  50,  88 
I-NITROCYCLOOCTENE,  50,  84 
Nitrogen,  purification,  50,  69 
1-Nitro-l-octadecene,  50,  86 
4  -p-  Nitrophenyl-1 , 2,4-triazoline-3 , 5- 
dione,  synthesis  of,  51, 125 
Norbornene,  with  ethyl  trichloroace- 
tate  to  give  exo-3,4-dichlorobicyclo- 
[3.2.1  ]  oct-2-ene,  51,  60 

A'^-Octalin,  50,  89 
A1'1  “-OCTALIN,  50,  88 
rc-Octanal,  from  2-lithio-l,3,5-trithiane 
and  1-bromoheptane,  5 1,  43 
Olefins,  from  tosylhydrazones  and 
methyllithium,  51,  69 
terminal,  with  chromyl  chloride, 

51,  6 


Oxidation,  of  terminal  olefins  with 
chromyl  chloride,  51,  6 
of  2,4,4-trimethyl-l-pentene  with 
chromyl  chloride,  51,  4 

Oximes,  preparation,  50,  88 

Oxygen,  analysis  for  active,  50,  76 

Palladium-on-charcoal  catalyst,  bi¬ 
phenyl  from  p-(l-phenyl-5-tetra- 
zolyloxy)biphenyl  and  hydrogen, 
51,SJ 

n-PENTADECANAL,  51,  39 

«-Penta  decanal  dimethyl  acetal,  by 
methanolysis  of  2-tetradecyl- 
sym-trithiane,  5 1,  40 

1.3- PENTADIYNE,  1-PHENYL,  50, 

97 

1 .4- PENTADIYNE,  1-PHENYL,  50, 

97 

w-Pentanal,  by  condensation  of  n- 
butyllithium  with  1,1,3,3-tetra- 
methylbutyl  isonitrile,  51,38 

2.4- Pentanedione,  3-alkyl,  51,  93 

2.4- PENTANEDIONE,  3-n- BUTYL-, 
51,  90 

2.4- PENTANEDIONE,  1 -PHENYL-, 

51, 128 

2.4- Pentanedione,  with  sodium  amide 
and  diphenyliodonium  chloride 
to  give  1 -phenyl-2, 4-pentane- 
dione,  51, 128 

fra«s-3-PENTEN-2-ONE,  51,  775 

PERBENZOIC  ACID,  m-CHLORO, 

50,  15 

Periodic  acid  dihydrate,  with  iodine 
and  durene  to  give  iododurene, 

51,  94 

Phenylacetaldehyde,  from  2-lithio- 
1,3,5-trithiane  and  benzyl  bromide, 
51 ,43 

Phenylacetic  acid,  bromination,  50, 

31 

Phenylacetonitrile,  50,  20 

Phenylacetylene,  reaction  with  ethyl 
magnesium  bromide,  50,  98 

Phenylation,  of  /3-diketones  with  di¬ 
phenyliodonium  chloride,  51, 

131 

of  ketoesters  with  diphenyliodo- 
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nium  chloride,  51, 131 
of  nitroalkanes  with  diphenyliodo- 
nium  chloride,  51,  132 
PHENYLATION  WITH  DIPHENYL- 
IODONIUM  CHLORIDE:  1- 
PHENYL-2,4-PENTANEDIONE, 
51,  128 

4-Phenyl- 1  -carbethoxysemicarbazide, 
from  ethyl  hydrazinecarboxylate 
and  phenyl  isocyanate,  51,  722 
with  potassium  hydroxide  to  give 

4- phenylurazole,  51, 122 

l-Phenyl-5-chlorotetrazole,  with  p- 

phenylphenol  to  give  p-(l-phenyl- 

5- tetrazolyloxy)biphenyl,  51,52 
/3-PHENYLCINN  AM  ALDEHYDE,  50, 

65 

1-PHENYLCYCLOPENTANECAR- 
BOXALDEHYDE,  5  1,  24 
1  -Phenylcyclopentanecarboxylic  acid, 
with  ethyl  chlorocarbonate  to  give 
mixed  carboxylic-carbonic  anhy¬ 
dride,  51,  48 

1- PHENYLCYCLOPENTYL  AMINE, 

51,45 

Phenylcyclopentylamine,  by  hydroly¬ 
sis  of  phenylcyclopentyl  isocyan¬ 
ate,  51,  49 

Phenylcyclopentyl  isocyanate,  by 

thermolysis  of  phenylcyclopentane¬ 
carboxylic  acid  azide,  5 1,  49 

2- (l-Phenylcyclopentyl)-4,4,6-trimeth- 

yl-  5 ,6-dih  y  dro- 1 , 3  (4  H)-o  xazine , 
from  2-benzyl-4,4,6-trimethyl-5,6- 
dihydro-l,3(4H)-oxazine,  1,4-di- 
bromobutane,  and  n-butyllithium, 
51,  24 

2-(l-PhenylcyclopentylE4,4,6-trimeth- 
yltetrahydro-l,3-oxazine,  by  re¬ 
duction  of  2-(l-phenylcyclopentyl)- 
4, 4 ,6-trimethyl-5, 6-dihydro- 1,3- 
(4H)-oxazine  with  sodium  boro- 
hydride,  51,  25 

hydrolysis,  to  1-phenylcyclopentane- 
carboxaldehyde,  51,  26 
a-Phenylcyclopropanecarboxaldehyde, 
from  2-benzyl-4 ,4 ,6-trimethyl- 5,6- 
dihydro-l,3(4H)-oxazine,  51,  29 
cw-2-PHEN  YLCYCLOPROPANE- 


CARBOXYLIC  ACID,  50,  94 
rrcns-2-Phenylcyclopropanecarboxy- 
lic  acid,  50,  96 

2- Phenylethyl  iodide,  from  2-phenyl- 

ethanol,  methyl  iodide,  and  tri¬ 
phenyl  phosphite,  51,  47 
Phenylethynylmagnesium  bromide, 

50,  97 

Phenyl  isocyanate,  with  ethyl  hydra¬ 
zinecarboxylate  to  give  4-phenyl- 
1 -carbethoxysemicarbazide,  51, 
122 

Phenylmercuric  acetate,  with  meth- 
allyl  alcohol  to  yield  2-methyl-3- 
phenylpropionaldehyde,  51,  7  7 
l-PHENYL-l  ,3-PENTADIYNE,  50, 

97 

l-PHENYL-l ,4-PENTADIYNE,  50, 

97 

a-Phenylpentanal,  from  2-benzyl-4,4,6- 
trimethyl-5, 6-dihydro- 1 ,3  (4  H> 
oxazine,  5 1,  29 

1- PHENYL-2,4-PENTANEDIONE, 

51,  725 

3- Phenyl-2,4-pentanedione,  from 

phenylacetone  and  acetic  anhy¬ 
dride,  51 ,93 

p-Phenylphenol,  with  l-phenyl-5- 
chlorotetrazole  to  give  phenolic 
ether,  5 1,  52 

2- Phenylpropanal,  by  oxidation  of  2- 

phenylpropene  with  chromyl 
chloride,  51,6 

3- Phenylpropanal,  from  allyl  alcohol 

and  phenylpalladium  acetate,  51, 
19 

p-(l-Phenyl-5-tetrazolyloxy)biphenyl, 
from  p-  phenyl  phenol  and  1- 
phenyl-5-chlorotetrazole,  5 1,  52 
hydrogenation  to  biphenyl,  5 1,  5J 

4- PHENYL-l,2,4-TRIAZOLINE-3,5- 

DIONE,  51,  727 

4-Phenyl-l,2,4-triazoline-3,5-dione, 
reactions  of,  5 1,  726 
4-Phenylurazole,  from  4-phenyl-l- 
carbethoxysemicarbazide  and  po¬ 
tassium  hydroxide,  51,  722 
with  t-butyl  hypochlorite  to  give  4- 
phenyl- 1 , 2,4-triazoline-3 , 5- 
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dione,  51, 123 
Phosphinimines,  50, 109 
Phthalic  acid,  reduction,  50,  50 
Pivalaldehyde,  by  condensation  of 
t-butylmagnesium  bromide  with 
1 ,1 ,3 ,3-tetramethylbutyl  isonitrile, 
51,38 

by  reduction  of  ester-mesylate,  5 1, 

16 

Pivalonitrile,  50,  20 
Polyalkylbenzenes,  with  iodine  to  give 
iodo  derivatives,  51,  95 
Potassium  azide,  50,  10 
1,3-Propanedithiol,  50,  72 
Propargyl  bromide,  coupling  with  an 
organocopper  reagent,  50,  98 
PROPIONALDEHYDE,  2-METHYL- 
3-PHENYL-,  51,  17 
Propylene,  with  acetyl  chloride,  alumi¬ 
num  chloride,  and  quinoline  to 
give  t/7z«s-3-penten-2-one,  51, 

115 

with  acetyl  chloride  and  aluminum 
chloride  to  give  4-chloropentan-2- 
one,  5 1, 116 

a-Pyrone,  irradiation  of,  50,  23 
Pyrrole,  with  trichloroacetyl  chloride 
to  give  pyrrol- 2-yl  trichloromethyl 
ketone,  5 1, 100 

PYRROLE-2-CARBOXYLIC  ACID, 
ethyl  ester,  51,  100 
Pyrrole- 2-carboxylic  acid  esters,  from 
pyrrol-2-yl  trichloromethyl  ketone, 
51, 102 

Pyrrol-2-yl  trichloromethyl  ketone, 
with  ethanol  to  give  ethyl  pyrrole- 
2-carboxylate,  5 1, 100 

QUADRICYCLANE,  51,  133 
Quadricyclane,  preparation  of  substi¬ 
tuted  derivatives,  51, 135 
reactions  of,  51,  135 
Quinoline,  with  4-chloropentan-2-one 
to  give  rra«s-3-penten-2-one,  5 1, 

116 

Raney  nickel  alloy,  reduction  of  aro¬ 
matic  nitriles  to  aldehydes,  5 1,  22 
Reduction,  of  acid  chlorides  with 


palladium-on-carbon  catalyst  to 
give  aldehydes,  51,  10 
of  aromatic  nuclei,  5 1, 105 
of  p-cyanobenzenesulfonamide 
with  Raney  nickel  alloy  to  p-for- 
mylbenzenesulfonamide,  51,  20 
by  lithium  aluminum  hydride  of 
exo-3,4-dichlorobicyclo[3.2. 1  ]  - 
oct-2-ene  to  3-chlorobicyclo- 
[3.2.1  ]  oct-2-ene,  51,  61 
by  sodium  borohydride  of  erythro- 
3-methanesulfonyloxy-2-butyl 
cyclobutanecarboxylate,  51, 12 
by  sodium  borohydride  of  2-(l- 
phenylcyclopentyl)-4,4,6-trimeth- 
yl-5,6-dihydro-l,3(4H)-oxazine, 
51,25 

Resorcinol  dimethyl  ether,  50,  52 
Rhodium-on-alumina,  catalyzed  re¬ 
duction  of  aromatic  nuclei,  51, 
105 

Rosenmund  reduction,  3,4,5-trimeth- 
oxybenzaldehyde,  51,5 

Sebacic  acid  dinitrile,  50,  20 
Shikimic  acid,  50,  27 
Silver  benzoate,  as  catalyst  in  de¬ 
composition  of  diazoketones,  50, 
78 

Silver  isocyanate,  with  iodine  to  give 
iodine  isocyanate,  51,  112 
Sodium,  with  l-bromo-3-chlorocyclo- 
butane  to  give  bicyclo[1.1.0j  bu¬ 
tane,  5 1,  55 

Sodium  amalgam,  50,  50,  51 
Sodium  amide,  with  2,4-pentanedione 
and  diphenyliodonium  chloride 
to  give  l-phenyl-2,4-pentanedione, 
51,  128 

Sodium  azide,  50,  107 
with  mixed  carboxylic-carbonic 
anhydrides,  51,  49 
Sodium  borohydride,  reduction  of 
eryt/iro-3-methanesulfonyloxy- 
2-butyl  cyclobutanecarboxylate, 
51, 12 

reduction  of  2-(l-phenylcyclopent- 
yl)-4 ,4,6-trimethyl-5,6-dihydro- 
l,3(4H)-oxazine  to  2-(l-phenyl- 
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cyclopentyl  )-4 ,4 ,6-trimethyltetra- 
hydro-l,3-oxazine,  51,  25 
Sodium  formate,  reaction  with  acetyl 
chloride,  50,  1 
Sommelet  reaction,  50,  71 
Spiropentane,  from  pentaerythrityl 
tetrabromide  and  sodium,  5 1,  58 
Steam  distillation,  of  volatile  alde¬ 
hydes,  51 ,33,  36 

Styrene,  reaction  with  carbethoxy- 
carbene,  50,  94 

Succinic  acid  mononitrile,  ethyl 
ester,  50,  20 

Sulfides,  aromatic,  50,  76 
3-Sulfolene,  as  a  source  of  1 ,3-buta¬ 
diene  in  situ,  50, 43 
Sulfones,  bromination,  50,  31 
Sulfur,  reaction  with  organo-lithium 
compounds,  50,  105 
Sulfuryl  chloride,  with  1,1-cyclo- 
butanedicarboxylic  acid  to  give 
3-chloro-l,l-cyclobutanedicar- 
boxylic  acid,  51 ,73 

Tetracyanoethylene  oxide,  with  «- butyl 
sulfide  to  give  carbonyl  cyanide, 

51,  70 

2-Tetradecyl-sym-trithiane,  by  reaction 
of  1-bromotetradecane  with  sym- 
trithiane  in  presence  of  n-butyl- 
lithium,  51 ,39 

1. 2.3. 4- TET  RAH  YD  RO-/3-C  A  R  BO- 
LINE,  5 1 ,  136 

1.2.3.4- Tetrahydro-/3-carboline,  syn¬ 
thesis  of  substituted  derivatives, 

51,  138 

1 .2.3.4- TETR  AHYDRONAPHTHAL- 
ENEf  1 ,2)IMINE,  51,  53 

(3-TETRALONE,  6-METHOXY-,  51, 
109 

d-Tetralones,  general  synthesis  of  sub¬ 
stituted  derivatives,  51,  111 
1,1,3,3-Tetramethylbutyl  isonitrile, 
from  N-(l,l,3,3-tetramethylbutyl)- 
formamide  and  thionyl  chloride, 

51 ,31 

2,4,4,6-Tetramethyl-5,6-dihydro-l,3- 
(4H)-oxazine,  for  synthesis  of  sub¬ 
stituted  acetaldehydes,  51,  30 


Thermolysis,  1-phenylcyclopentane- 
carboxylic  acid  azide  to  1 -phenyl- 
cyclopentyl  isocyanate,  51,  49 
2-Thienyllithium,  50, 104 
THIIRENE  1,1-DIOXIDE,  DIPHEN¬ 
YL,  50,  65 

2,2'-THIODITHIOPHENE,  50,  75 
Thiols,  general  synthetic  method,  50, 
106 

Thiophene,  cyanation,  50,  54 

2- THIOPHENETHIOL,  50,  75,  104 

3- ThiophenethioI,  50, 106 
THIOPHENOLS  FROM  PHENOLS: 

2-N  APHTHALENETHIOL,  51, 
139 

o-Tolualdehyde,  by  reduction  of  o- 
tolunitrile  with  Raney  nickel  al¬ 
loy  in  formic  acid,  5  1,  23 
p-Toluenesulfonyl  azide,  with  2-(hy- 
droxymethylene)cyclohexanone 
to  give  2-diazocyclohexanone, 
51,56 

p-TOLUIC  ACID,  f-BUTYL  ESTER, 
51,  96 

p-Toluoyl  chloride,  with  t- butanol 
and  n-butyllithium  to  give  r-butyl 
p-toluate,  5 1,  96 

Tosylhydrazones,  with  methyllithium 
to  give  olefins,  5 1,  69 
Trialkyloxonium  salts,  as  alkylating 
agents,  51,  144 

Triazoles,  general  route  to,  50,  109 

1. 2. 4- TRI AZOLINE-3, 5-DIONE,  4- 
PHENYL-,  51,  121 

Trichloroacetyl  chloride,  with  pyr¬ 
role  to  give  pyrrol-2-yl  trichloro- 
methyl  ketone,  51, 100 
Triethylamine,  in  synthesis  of  diazo¬ 
ketones,  50,  77 

bis(Trifluoromethyl)carbene,  50,  8 
BIS(TRIFLUOROMETHYL)DI  AZO¬ 
METHANE,  50,  6 

3. 4.5- TRIM  ETHOXY  BENZ  ALDE¬ 
HYDE,  51,  8 

3.4.5- Trimethoxybenzoyl  chloride, 
reduction  to  3,4,5-trimethoxy- 
benzaldehyde,  51,  8 

Trimethylchlorosilane,  50,  107 
Trimethylcyclohexanones,  reduction 
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to  axial  alcohols,  50, 15 
TRIMETHYLOXONIUM  TETRA- 
FLUOROBORATE,  51,  142 
Trimethyloxonium  tetrafluoroborate, 
reactions  of,  51,  144 
2,4,4-TRIMETHYLPENTAN AL,  51,  4 
TRIMETHYLSILYL  AZIDE,  50,  107 
Triphenylphosphine  imine,  50,  83 
Triphenyl  phosphite,  with  methyl 
iodide  and  cyclohexanol,  5 1,  45 
with  neopentyl  alcohol  and  methyl 
iodide,  51 ,44 

sym-Trithiane,  reaction  with  1-bromo- 
tetradecane  in  presence  of  n-butyl- 
lithium,  5 1,  39 

Tryptamine,  with  glyoxylic  acid  to 
give  l,2,3,4-tetrahydro-0-carbol- 


ine,  51,  136 

a,/3-Unsaturated  carbonyl  compounds, 
preparative  method,  50,  70 

Vacuum  manifold  system,  5 1,  56 

Vanadium  oxyacetylacetonate,  50, 

56 

N-Vinylpyrrolidone,  cyanation,  50, 

54 

Wurtz  reaction,  bicyclo[  1 .1 .0]  butane 
from  l-bromo-3-chlorocyclobu- 
tane,  5 1, 55 

Zinc,  cyclopropane  from  1,3-dichlo- 
ropropane,  51,58 
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1723  Ethyl  6-Methylpyridine-2-acetate 


William  G.  Kofron  and  Leona  M.  Baclawski,  Department  of  Chemistry, 
The  University  of  Akron,  302  East  Buchtel  Avenue,  Akron,  Ohio  44304 


1.  KNH- 


liq.  NH3 
Et20 


2.  CO(OEt)/  L  L 

3.  NH4C1  CH3^N^H2COOEt 

50% 


1724  (R)- (-) -4-Methyl thiete  1,1-Di oxide 


L.  A.  Paquette  and  J.  P.  Freeman,  The  Ohio  State  University,  Dept, 
of  Chemistry,  140  West  18th  Avenue,  Columbus,  Ohio  43210 
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55° 


✓ 


/ 


Ag20 
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1725  Aldehydes  from  Primary  Alcohols:  (Aldehyde,  1-Heptanal) 

J.  C.  Collins*  and  W.  W.  Hess,  (*)  Sterling-Winthrop  Research 
Institute,  Rensselaer,  New  York  12144 


15-20° 

C  H  N  +  CrO  3  > 

93% 

ch2ci2 

CH3(CH2)5CH2OH  +  Cr03(C5H5N)2  - 


1726  2-Ad amantane thiol 

J.  W.  Greidanus ,  Department  of  Chemistry,  University  of  Calgary, 
Calgary  44,  Alberta,  Canada 

1.  NaBH4 

(ch2och3)2 
— — - > 

2.  HC1 


74-85% 

61-77%  overall 


1727  4H-1 , 4-Thiazine  1,1-Dioxide 


Way land  E.  Noland  and  Robert  D.  DeMaster,  Department  of  Chemistry, 
University  of  Minnesota,  Minneapolis,  Minnesota  55455 
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1728  Noradamantane 


John  S.  Wishnok*  and  Paul  von  R.  Schleyer,  (*)  Department  of 
Chemistry,  Boston  University,  675  Commonwealth  Ave.,  Boston,  Mass. 
02215 


1729  Preparation  of  1 ,1-Dime thy 1-1- (2-hydroa.ypropyl)  amine  Aryl  and 
Alkyl  Ylides ,  (1)  1 , 1-Dimethyl-l- (2-hydroxypropyl ) amine 

Benzimide.  (2)  1 , 1-Dimethyl-l- (2-hydroxypropyl) amine  Meth- 

‘  '  '  acrylimide 

R.  E.  Freis ,  W.  J.  McKillip ,  E.  A.  Sedor,  and  R.  C.  Slagel,  Ashland 

Chemical  Company,  Minneapolis  Research  Center,  10701  Lyndale  Avenue 

South,  Bloomington,  Minnesota  55420 
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1730  The  Formation  and  Alkylation  of  Specific  Enolate  Anions  from 
an  Unsymmetrical  Ketone:  2-Benzyl-2-methylcyclohexanone  and 

2-Benzyl-6-methylcyclohexanone 

Martin  Gall  and  Herbert  0.  House,  Department  of  Chemistry,  Room 
18-407,  Massachusetts  Institute  of  Technology,  Cambridge,  Mass. 02139 
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cat.  amt. 
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CH3  53-58% 
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1731  Adamantanone 


H.  W.  Geluk  and  V.  G.  Keizer,  N.V.  Philips-Duphar ,  Res.  Lab.  Dept. 
59,  Postbus  2,  Weesp ,  Nederland 


98%  H„SO . 
2  4 

70-82% 


52-54% 

(97-98 %  pure) 


1732  Dichloro-£_-tolystibine 

John  Jacobus  and  Joseph  Platano,  Department  of  Chemistry  and  Geology, 
Clems on  University,  Clemson,  South  Carolina  29631 


NaN02 

HC1 

0-5° 


SbCl 

- 

HC1 

-10  -  0° 


7-12%  overall 


1733  8-Hydroxy  Esters  from  Ethyl  Acetate  and  Aldehydes  or  Ketones; 
Ethyl  1-Hydroxycyclohexylacetate 

Michael  W.  Rathke,  Department  of  Chemistry,  Michigan  State  University, 
East  Lansing,  Michigan  48823 

[Si  (CH^]  2N9Li+ 

0-25° 


[Si(CH3)3J2NH  +  n-BuLi 


a  4.  THF 

CH.COOEt  +  [ Si (CH»)  ]  N  Li  —  >  LiCH.COOEt 
3  332  _78°  2 


80-90% 


1734  5-Methyl coprost-3-ene 

D.  C.  Muchmore ,  Division  of  Chemistry  and  Chemical  Engineering, 
Gates  and  Crellin  Laboratories  of  Chemistry,  California  Institute 
of  Technology,  Pasadena,  California  91109 


V/ 


48-53% 


1735  Reaction  of  Aryl  Halides  with  tT-Allylnickel  Halides. 
Methallylbenzene 

Martin  F.  Semmelhack  and  Paul  Helquist,  Department  of  Chemistry, 
Cornell  University,  Ithaca,  New  York  14850 


CH0C=CH 

2I  2 

CH3  +  NiBr2 


66-72% 

(from  bromobenzene) 


1736  3 ,4 ,5-Trimethoxybenzaldehyde 

A.  I.  Rachlin,  Chemical  Research  Division,  Hoffmann-La  Roche,  Inc. 
Nutley,  New  Jersey  07110 
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50  p . s . i . 
10%  Pd-C 
AcONa 

quinoline  S 
toluene 


CHO 


78-84% 


1737  Macrocyclic  Diimines :  1 ,10-Diazacyclooctadecane 

Chung  Ho  Park  and  Howard  E.  Simmons,  Central  Research  Department 
Experimental  Station,  E.  I.  duPont  deNemours  and  Co.,  Wilmington 
Delaware  19898 
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1738  2-Methyl-2-nitrosopropane 

A.  Calder ,  A.  R.  Forrester,  and  S.  P.  Hepburn,  University  of 
Aberdeen,  Dept,  of  Chemistry,  Meston  Walk,  Old  Aberdeen,  AB9  2UE, 
Scotland 
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36-54%  overall 


65-75% 


1739  l-Ethyl-4-carbomethoxypyridinyl 

Edward  M.  Kosower  and  Harold  P.  Waits,  Department  of  Chemistry,  State 
University  of  New  York  at  Stony  Brook,  Stony  Brook,  New  York  11790 
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CH2CH3 


Na-Hg 

ch3cn 


vacuum  line 


^h2ch3 
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(determined) 
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metrically) 


1740  3-Hydroxycycloheptanone 

A.  S.  Kende  and  J.  Y.  C.  Chu,  Department  of  Chemistry,  University 
of  Rochester,  Rochester,  New  York  14627 


1741  Diphenyl (3-quinuclidyl)carbinol 

Frank  J.  Villani  and  Thomas  A.  Mann,  Medicinal  Chemistry  Department, 


Schering  Corporation,  Bloomfield,  New  Jersey 
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6  5  6  5 


C,H,  .C,H,. 
6  5\  /  6  5 


NH.Cl 

4 


THF 


72-82% 


Hydrogenolysis  of  Carbon-Halogen  Bonds  with  Chromium (II) en 

Perchlorate:  Naphthalene  from  1-Naphthyl  Bromide 


C.  E.  Castro  and  Ruth  S.  Wade,  Department  of  Nematology,  University 
of  California,  Riverside,  Riverside,  California  92502 

Br 

+  2Cr(cio4)2  +  x  h2nch2ch2nh2  +  HO  JM3L, 


93-96% 


+  2Cr (III) (H„NCH  CH  NH0 )  +  Br®  +  OH®  + 
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1743  Macrocyclic  Polyethers  from  Catechol.  (1)  2 ,3 ,11 ,12-Dibenzo- 
1,4,7 ,10, 13, 16-hexaoxacyclooctadeca-2, 11-diene  (Dibenzo-18- 
crown-6).  (2)  2 ,5 , 8 , 15 ,18, 21-Hexaoxatricyclo [ 20 . 4 . 0 . 0® " ^ ]- 
hexacosane  (Dicyclohexyl-18-crown-6) .  (3)  Toluene  Solution 

of  Potassium  Hydroxide  Complex  of  Dicyclohexyl-18-crown-6  and 

Its  Use  in  the  Saponification  of  Esters  of  2 ,4,6-Trimethyl- 

benzoic  Acid 

C.  J.  Pederson,  Elastomer  Chemicals  Department,  Research  Division, 
Experimental  Station,  E.  I.  DuPont  de  Nemours  and  Co. ,  Wilmington 
Delaware  19898 
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1000  p . s . 1 . 
5%  Ru 


on  AI2O3 
n-BuOH 


70% 

31-34%  overall 


1744  5a-Androst-2-ene-3,17g-diol  17-Acetate  3-Diethyl  Phosphate 
and  5a-Androst-2-en  -173-ol 


Marcel  Fetizon,  Michel  Jurion, 


and  Nguyen  Trong  Anh ,  Ecole  Poly- 


Technique,  Laboratorie  de  Synthese  Organique,  17  Rue  Descartes,  75- 


70-75%  overall 


1745  (6-Dimethylamino-m-tolyl)diphenylmethanol 


J.  V.  Hay  and  T.  M.  Harris,  Department  of  Chemistry,  Vanderbilt 
University,  Nashville,  Tennessee  37203 


69% 


1746  4-Methyl-  4-p.enf en-2-one  (Isomesityl  Oxide) 


R.  D.  Gillard,  B.  T.  Heaton,  and  M.  F.  Pilbrow,  The  Inorganic 
Chemical  Laboratory,  The  University  of  Kent,  Canterbury,  England 


n-Bu „P 
- — > 


CH.  0 
I  3  II 

CH2=CCH2CCH3  +  PtCl2[P(n-Bu)332 


CH0  0 

3\  ii 

C=CHCCH_ 
/  3 
CH 


CH. 


Na.PtCl. 

2  4 , 


CH, 


CH 


\ 

l 

// 


/  \ 


C 

// 

0 


CH„ 

/  3 


h) 


V 


/Pt\ 

Cl  Cl 


85-92% 


1747  2-Methyl-6-methylen  7-octen-4-ol 


R.  M.  Silverstein,  State  University  College  of  Forestry,  Syracuse 
University,  Syracuse,  New  York  13210 


CH  Br 
f  2 

CH- CH (CH_ ) „  +  CH  =C-CH=CH,. 
2  3  2  2  i 


n-BuLi 

THF 

-40° 


fH2 

CH2CCH=CH2 


ch2ch(ch3)2 


HgCl, 

CdCO' 

50°' 


51%  (89%  pure  by  v.p.c.) 


CH„ 

II  2 

CH„CCH=CH„ 
/  2  2 


0=C 


ch2ch(ch3)2 

59% 

CH 


NaBH , 


ch3oh 

h2o 


HOCH 


ch2cch=ch2 


ch2ch(ch3)2 


66%  (80%  pure  by  v.p.c.) 
16%  overall 


1748  A  Modified  Clemmensen  Reduction  of  Cholestanone 

Shosuke  Yamamura,  Masaaki  Toda,  and  Yoshimasa  Hirata,  Faculty  of 
Pharmacy,  Meijo  University,  Showa-ku,  Nagoya,  Japan 


85-92% 


1749  Cyclohexyliden acetaldehyde 

Wataru  Nagata,  Toshio  Wakabayashi,  and  Yoshio  Hayase,  Shionogi 
Research  Laboratory,  Shionogi  and  Co.,  Ltd.  Fukushima-ku ,  Osaka, 
Japan 


0  + 


?  H 
(EtO) „PCH=CHN* 


+  NaH 


THF 

0-5°,  then^ 

20-25° 


\>  +  (Et0)2P02Na  +  H2 


(85%  by  v.p.c.)  (15%  by  v.p.c.) 

83%  yield 


1750  Diethyl  2-  (Cyclohexylamino)vinylphosphonate 

Wataru  Nagata,  Toshio  Wakabayashi,  and  Yoshio  Hayase,  Shionogi 
Research  Laboratory,  Shionogi  and  Co.,  Ltd.,  Fukushima-ku,  Osaka, 
Japan 


0 

t  / 

(EtO)2PCH2CHO  +  H2N~n 


ch3oh 

'H2° 


°  H 
(EtO)2PCH=CH& 


60% 


1751  Phenyltrimethylammonium  Trlbromtde.  Selective  Bromination 
in  the  a-Position  of  Art  Aryl  Ketone:  2-Bromoacetyl-  and 

2-Dibromoacetyl-  6-Methoxynaphthalene 

J.  Jacques  and  A.  Marque t ,  College  de  France,  Laboratorie  de  Chimie 
Organique  des  Hormones,  11,  Place  Marcelin  Berthelot,  Paris  5e, 
France 


c6h5n(ch3)2  +  <ch3)2so4 


toluene^ 

40-50%' 


+ 

c6h5n(ch3)3 

96% 


CH.SO. 
J  4 


Br£ 

HBr 

v 

+  0 
C6H5N(CH3)3  Br, 

93%  (89%  overall) 


yield  with  1  mole  of  with  2  moles  of  PTT 

PTT 


1752  5-Methyl-4-hexenal 

R.  Marbet  and  G.  Saucy,  Chemical  Research  Division,  Hoffmann-La 
Roche,  Inc.,  Nutley,  New  Jersey  07110 


(CH„) -CCH=CH_  +  CH  =CH0Et 
3  2  |  2  2 

OH 


H3P°4 

- > 

90-100° 


(ch3)2c=ch(ch2)2cho  + 
52-60% 

CH3CH(OEt)2 


1753  A.  Dipotassium  Nitrosodisulf onate  (Fremy's  Salt)  B.  Tri- 
methyl-£-benzoquinone 

Pius  A.  Wehrli  and  Foster  Pigott,  Chemical  Research  Division, 
Hoffmann-La  Roche,  Inc.,  Nutley,  New  Jersey  07110 


NaN02  +  2S02  +  NaHC03 


-CO, 


[H0N(S03Na)2] 


OH 


on(so3k)2 

72% 


electrolytic 

oxidation 


KCl 


CH3 

H0N(S03Na)2  N, 

anode 
pH  10 

electrolytic 
oxidation 


CH, 


CH, 


anode 
pH  10 


0N(S03Na)2 

solution 


+  HN(S03Na)2 


0 

91-94% 


1754  1 -B romo- 3-me thy 1-2-butanone 


M.  Gaudry  and  A.  Marquet,  College  de  France,  Laboratorie  de  Chimie 
Organiques  des  Hormones,  11,  Place  Marcelin  Berthelot,  Paris  5e, 
France 


CH  OH 

(CH)  CHCOCH  +  Br  - (CH  )  CHCOCH  Br  +  HBr 

80% 

(98%  pure  by  nmr) 

1755  Synthesis  of  1 ,4-Dioxaspiro [4 .5 ] decane 

Donald  Kubik,  George  F.  Vesley,  and  Virgil  I.  Stenberg,  Abbott  Hall, 
Department  of  Chemistry,  University  of  North  Dakota,  Grand  Forks, 
North  Dakota  58201 

acid 

0  +  HOCH  CH  OH  _P.?lymer  > 

1  1  CaSO, 

4 


92% 


1756  Oxymercuration-Reduction.  Alcohols  from  Olefins.  1-Methyl- 
cyclohexanol 

J.  M.  Jenkunica  and  T.  G.  Traylor,  Department  of  Chemistry,  Revelle 
College,  P.  0.  Box  109,  La  Jolla,  California  92037 

OH 

1_CH, 


.CH, 


H„0 

+  Hg  (OAc)  - > 

1  Et„0 


f=4- 


h2o 

Et20 


HgOAc 

NaBH, 
NaOH 
^  OH 

CH- 


76% 


1757  1,1-Bis (N,N-dimethylaminomethyl) ferrocene  Dimethiodlde 


Peter  L.  Pauson,  M.  Akram  Sandhu*,  and  William  E.  Watts,  (*)  Eastman 
Kodak  Co.,  Research  Laboratories,  Chemical  Division,  Rochester,  New 
York  14560 


+  (ch3)2nch2n(ch3)2 


H  PO4 

ch3cooh 
- - - 

110-115  °^ 


ch3i 

benzene 

99% 


\l/ 


Fe 


.0 


CH„N (CH_) 


3  2 


+ 


77% 


(ch3)2nch2n(ch3)2 
h3po4,ch3cooh 

110-115°,  23% 


+ 

CH2N(CH3)3  I 


76% 


ch3i 

benzene 

97% 


1758  1, l-Dichloro-2-phenylcyclopropane 

M.  M^kosza,  Department  of  Chemistry,  Institute  of  Organic  Chemistry 
and  Technology,  Politechnika ,  Warszawa  10,  Koszykowa  75,  Poland 


C-H  CH=CH.  +  CHC1  +  NaOH 
6  5  2  3 


+  t 

C,H  CH0NEt0  Cl 
biz  J _ 

H2° 

40-50° 


1759  2-Phenylbutyronitrile 


M.  Mgkosza  and  A.  Jonczyk,  Department  of  Chemistry,  Institute  of 
Organic  Chemistry  and  Technology,  Politechnika ,  Warszawa  10, 
Koszykowa  75,  Poland 


C,H  CH„CN  +  EtBr  +  NaOH 
6  5  2 


C  H  CH  NEt_  Cl6 
0  0/  J . 

h2o 

35-40° 


Et 


C,HcCHCN 
6  5 

87-90% 


1760  2-Phenyl-2-vinylbutyronitrile 

(This  procedure  is  not  available  for  distribution) 

/ 

M.  M^kosza,  J.  Czyzewski,  and  M.  Jawdosiuk,  Department  of  Chemistry, 
Institute  of  Organic  Chemistry  and  Technology,  Politechnika, 
Warszawa  10,  Koszykowa  75,  Poland 

^  C  H  CH  NEt  Cl®  ^ 

C,H  CHCN  +  HC=CH  +  K0H  — — — - - - >  C,H  CCN 

b  b  DMS0  b  b  I 

60-70°  CH-CH2 

80-86% 

1761  jj-Nitrophenyl  a-Maltoside 

Peter  Bama,  2525  28th  Street,  Apt.  1,  Santa  Monica,  Calif.  90405 


I. 


1762  o-Anis aldehyde 

R.  S.  Brinkmeyer,  E.  W.  Collington,  and  A.  I.  Meyers,  Department 
of  Chemistry,  Wayne  State  University,  Detroit,  Michigan  48202 


CH, 


CH„CCH„0H  +  88%  HCOOH 
3I  2 
NIL 


150' 


^  CH, 
CH, 


69-74% 


CH  I 
■-> 

25° 


MgBr 


66-69% 


1763  Enone  Reduction-Enolate  Alkylation  Sequence.  2-Allyl-3- 
methylcyclohexanone 

Drury  Caine,  Tsu-I  Chao,  and  Homer  A.  Smith,  School  of  Chemistry, 


44-49% 


1764  4-Amino-3-hydrazino-5-mercapto-l ,2,4-triazole 


N.  W.  Jacobsen  and  R.  G.  Dickinson, 
of  Queensland,  St.  Lucia,  Brisbane, 


S 

II 

H  NCNH  +  H  NNH  •  H  O 


Department  of  Chemistry, 
Q.  4067,  Australia 


NH0 
I  2 


Univ. 


57-65% 


1765  N,N-Dimethyl-3-cholesten  -  5B-acetamide 

R.  E.  Ireland  and  D.  J.  Dawson,  Division  of  Chemistry  and  Chemical 
Engineering,  Gates  &  Crellin  Laboratories  of  Chemistry,  California 
Institute  of  Technology,  Pasadena,  California  91109 


0CHo 

I  3 

ch3-c-n(ch3)2 

0CH3 


o-xylene 
- - > 

reflux 


HO 


65% 


ch2cn(ch3)2 


1766  Ethyl  3-Cholesten  -  53-acetate 

R.  E.  Ireland  and  D.  J.  Dawson,  Division  of  Chemistry  and  Chemical 
Engineering,  Gates  &  Crellin  Laboratories  of  Chemistry,  California 
Institute  of  Technology,  Pasadena,  California  91109 


1767  3-Cholesten-  5 g-acetaldehyde 


R.  E.  Ireland  and  D.  J.  Dawson,  Division  of  Chemistry  and  Chemical 
Engineering,  Gates  &  Crellin  Laboratories  of  Chemistry,  California 
Institute  of  Technology,  Pasadena,  California  91109 


53%  overall 


1768  Tri-_t-butylcyclopropenyl  Perchlorate 


J.  Ciabattoni,  E.  C.  Nathan,  A.  E.  Feiring ,  and  P.  J.  Kocienski, 
Dept,  of  Chemistry,  Brown  University,  Providence,  Rhode  Island  02912 
(This  procedure  is  not  available  for  distribution) 

Mg 

(CH  Br)  (CH  )  CCH  C0C1 

(CHJ.CCH.C1  — - - 4-  [  (CH„)  -CCH.MgCl]  - > 

2  3  2  Et20  2  2  2  Et20 


(ch3)3cch2coch2c(ch3)3 

90% 


Br, 


ch2ci2 

0-5° 


>  (CH_)_CCHCOCHC(CH„)q 
J  d  I  I  3  3 
Br  Br 

85% 


t^-BuOK 
THF  . 


-70° 


0 


1.  (CH3)3CLi 
pentane 

2.  H20 

3.  10%  HC104 
in  Ac20, 
Et20 


37%  overall 


1769  Methylaminoacetone  Ethylene  Ketal  Hydrochloride 

F.  Benington  and  R.  D.  Morin,  Neurosciences  Program  and  Dept,  of 
Psychiatry,  University  of  Alabama,  School  of  Medicine,  Birmingham, 
Alabama  35233 


CH„NHCH„C,Hc  +  C1CH„C0CH„ 
3  2  6  5  2  3 


benzene 

58-62° 


CHoNCH„C0CHo 
3(2  3 


HC1 

- > 

Et  0 


KOH 


2.  HCl 
Et20 


CH„-CH0 
I2  I  2 
0  0 

+  \/  0 
CH0NHCH„CCH„  Cl 

3 1  2  3 

CH2C6H5 

45-46% 


ch3 

benzene 


50  p  .s . i . 

ha.-> 

10%  Pd-C 
EtOH 


CH0-CH. 

I  2  I  2 

0  0 

+  \/  9 

CH3NH2CH2CCH3  Cl 

82% 

26-28%  overall 


DATE  DUE  /  DATE  DE  RETOUR 

CARR  MCLEAN  38-297 

176504 


